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PE  POIARISATIDN  OiARAClERISTICS  OP  CERTAIN  RADAR  ECHOES  ON  I-BAND 


SUMMARY 


This  note  covers  the  design  parameters  and  performance  of  a novel  type 
of  circularly  polarised  radar.  Any  complex  echo  con  be  resolved  into  two 
circular  and  two  orthogonal  plane  oompononts,  all  components  being  available 
simultaneously.  By  manipulation  of  those  oompononts,  using  a bridge  technique , 
it  is  possible  to  differentiate  between  different  typos  of  target  and  obtain 
protection  from  some  types  of  interferon 00 . It  is  concluded  that  the  radar 
forma  a useful  tool  for  tho  analysis  of  tho  polarisation  properties  of  radar 
echoes,  including  those  from  aircraft. 
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1.  INTRODUCTION 


Much  useful  work  has  been  done  upon  tho  echoing  properties  of  aircraft  and 
other  targets,  chiefly  directed  towards  measurement  of  their  oohoing  areas ; 
but  the  effect  of  polarisation  upon  tho  ocho  has  perhaps  not  roceivod  all  tho 

attention  which  it  deserves.  A useful  report  by  Goldstein^  surveys  the  . 

problem  in  so  far  as  it  affects  sea  echoes  and  one  by  Clegg2  shows  clearly  the 
affect  of  two  different  polarisations  under  certain  conditions  an  X band. 

With  more  oomplex  targets  such  as  aircraft  and  ground  echoes,  the  information 
is  confusing  and  often  conflicting.  In  tho  spring  of  1951  some  qualitative 
measurements  were  made  of  aircraft  echoes  on  X band^  which  indicated  that  the 
cross  polarised  component  of  tho  echo  was  substantially  loss  than  tho  component 
-'"all el  to  tho  trananittor  polarisation  which  was  either  vortical  or  horizontal, 
.’erther  quantitative  work  by  Robinson^  an  4 band  showed  similar  results  and  he 
also  observed  that  the  difforonoe  between  tho  cross -polarised  and  parallel 
'^'ponents  was  reduced  if  45°  polarisation  was  used.  Thoso  latter  measurements 
htve  teen  extended  to  X band  and  appear  to  give  results  of  tho  some  order  of 
> .-(Tnitudo.  Previously  White 5 f irking  on  L band,  and  using  on  oquipment  in 
,’i.oh  the  polarisation  could  bo  rapidly  switched  from  vertical  through  circular 
to  horizontal,  had  estimated  a loss  of  the  order  of  6 dB  when  using  circular 
oamparod  with  tho  two  plane  polarisations,  and  suppression  of  rain  echoes  using 
oiroular  polarisation  of  tho  order  of  30  dB  and  saaetimos  more. 

In  tho  sujimor  of  1951  a 3chomo  was  suggested^  oxtonding  tho  well  Renown 
properties  of  oiroular  polarisation  as  used,  to  reduce  cohooa  from  symmetrical 
targets  such  as  rain,  to  make  on  analysis  of  tho  polarisation  of  any  desired 
incoming  signal,  and  in  oortain  oasos  to  discriminate  botwoon  wonted  and  unwantod 
t argots . 
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A radar  set,  built  in  the  winter  1951-52  gave  qualitative  confirmation  to 
these  predictions  and  it  was  therefore  decided  to  build  a radar  oapable  of 
making  quantitative  and  repeatable  measurements.  It  is  the  purpose  of  this 
Teahnioal  Note  to  disouss  the  design  of  this  radar  and  the  rosults  obtained 
with  it.‘ 

2.  HtINCIFIES  OF  OHS  RATION  OF  THE  RADAR 

c 

The  design  principles  have  already  boon  described  so  that  they  will  only 
bo  outlined  here. 

Suppose  that  any  conventional  tronanittcr-rocoivor,  ganorating  piano 
polarised  waves,  bo  ccnnootod  to  a waveguide  system  containing  a circularising 
section,  and  that  it  emits  a right  hand  ciroularly  polarised  wave  (C.P.W.). 

Any  incoming  right  hand  C.P.W.  will  emerge  from  the  circularising  soctian 
polarised  parallel  to  the  transmitter -receiver  (which  wo  will  call  Channel  A) 
and  can  bo  displayed. 

Any  incoming  left  hand  C.P.W.  will  emerge  from  the  circularising  section 
polarised  perpendicular  to  the  transmitter;  in  a conventional  C.P.  radar  this 
signal  is  normally  rejected  and  lost.  Thcro  is  no  reason,  however,  why  it 
should  not  be  separated  from  the  Channel  A signal  by  a grating  or  other  device, 
and  fed  to  another  receiver  which  we  will  call  Channel  B. 

Frcm  a study  of  certain  elementary  targets,  it  is  clear  that  the  two 
channels  may  be  expected  to  behave  very  differently.  For  instance,  symmetrical 
targets,  including  metal  or  dielectric  spheres  (e.g.  rain),  plane  sheets  or 
threeface  corner  reflectors,  ’.Till  return  signals  orthogonally  polarised  to  the 
incident  radiation,  and  so  will  give  a signal  in  Channel  B and  no  signal  in 
Channel  A.  Twoface  corners,  known  in  the  U.S.A.  as  di-planes,  will  return  a 
signal  in  which  the  direction  of  rotation  is  twice  reversed  and  so  give  the 
same  direction  of  rotation  as  the  radiated  signal.  They  will  thus  produce  a 
signal  in  Channel  A but  none  in  Channel  B. 

Plano  polarised  targets  or  plane  polarised  active  jammers  will  produce 
equal  signals  in  both  channels,  since  any  plane  polarised  signal  may  be 
resolved  into  two  equal  circular  components  rotating  in  opposite  directions. 

Signals  from  any  complex  target,  large  compared  with  the  wavelength,  will 
in  general  be  olliptically  polarised,  and  if  the  constituent  parts  of  the 
targets,  which  contribute  to  the  echo,  are  moving  relatively  to  eaoh  other, 
the  voltage  ollipticity  ratio,  which  corresponds  to  the  relative  magnitudes  of 
the  A and  B signals  (see  Eq.  l),  and  the  orientation  of  tho  major  axis  of  the 
ollipse,  which  corresponds  to  the  phase  separation  of  tho  A and  B signals,  will 
be  constantly  varying.  Such  targets  may  be  expected  to  produce  signals  in  the 
two  channels  of  equal  mean  magnitude  but  which  vary  rapidly  and  independently. 

Pull  information  on  the  echo  is  not  available  unless  we  take  note  of  the 
phase  separation  of  the  two  signals.  If  the  sigmls  are  combined  before 
demodulation,  there  is  cno  particular  incoming  polarisation  which  will  bring 
the  two  ohormela  into  phase  and  analysis  shows  that  tho  orthogonal  polarisation 
will  cause  the  two  signals  to  cancel,  A phaso  bridge  has  been  produced  which 
acoepts  signals  A and  B at  intermediate  frequency  and  produces  two  output 
signals  oorre spending  to  the  vortical  and  horizontal  components  of  any  incoming 
signal . 

By  making  different  the  gain  in  the  two  arms  of  tho  bridge,  it  is  possible 
to  select  an  output  corresponding  to  any  desired  ollipticity,  and  so  to 
oemponsate  for  non-oiroularity  introduced  by  slight  dofeots  in  the  waveguide 
system.  This  phase  bridge,  roforred  to  hereinafter  as  Channel  C,  would,  it 
was  hoped,  stake  the  radar  virtually  independent  of  frequency  change  and  of 
manufacturing  tolerances  so  far  as  Voltage  Ellipticity  Ratio  was  concerned. 
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It  is  worth  anphasizing  that  an  equipnmt  of  this  sort  makes  no  attempt 
to  measure  absolutely  either  signal  to  noise  ratios  or  the  echoing  areas  of 
targets.  It  is  in  effect  a radio  frequency  bridge  which  compares  two, or  more 
simultaneous  signals.  Such  measurements  aro,  of  courso,  fundamentally  easier 
than  a ntmtber  of  successive  absolute  measurements  which  rely  upon  tho  stability 
of  the  radar  set  and  tho  repeatability  of  tho  target  and  the  propagation 
conditions . 

A word  of  warning  is  also  necessary  in  saying  that  tho  rosults  obtained 
an  X band  should  not  rashly  bo  oxtrapolated  to  other  frequencies  whoro  tho 
echoing  properties  of  targets  may  bo  different. 

3.  THE  EFFECT  OP  RESULT  PARAMETERS  UrOR  ERRORS  IN  LEASUREMEKT 

3.1  In  Section  2 we  havo  assumed  tint  the  radar  is  perfectly  designed  so 
that  it  radiates  a porfect  C.P.W.,  i.o.,  Voltage  Ellipticity  Ratio  = 1.  In 
practice  this  will  not  be  so  and  a measure  of  ellipticity  will  be  introduced. 

This  ellipticity,  which  amounts  to  the  generation  of  a spurious  signal  of 
the  opposite  sense  of  rotation,  may  upset  the  ratio  of  the  two  component a which 
we  aro  trying  to  compare,  and  in  particular  will  render  quite  worthless  any 
measurement  of  the  "cancellation"  of  rain  unless  the  extent  of  the  ellipticity 
is  known  and  controlled. 

It  has  been  shown^  that  an  elliptically  polarised  wave  of  V.E.R.  = k may 
bo  resolved  into  two  orthogonal  circular  components  of  amplitudes  A and  B, 
governed  by  tho  relation: - 


2 = ...Eq.l 

A 1 + lc 

which  is  veil  known  as  tho  reflected/ transmitted  amplitude  relationship  in  a 
line  of  V.S.tf.R.  = k. 

This  function  is  plotted  on  a decibel  scale  in  Pig.  1,  and  it  should  be 
noted  that  in  the  practical  case  the  rave  passes  twice  through  the  system 
before  reaching  the  •receivers.  The  o.  urioua  signal  is  thus  approximately 
doubled  in  voltage  (when  its  magnitude  is  small  cor.. pared  with  the  desired 
signal) . This  accounts  for  the  lateral  displacement  of  the  cancellation 
ratio/Voltage  Ellipticity  curve  by  6 d3 , It  will  be  seen  that  a high  order 
of  circularity  is  needed  to  obtain  good  cancellation  and  in  particular  a 
cancellation  of  40  dB,  claimed  by  some  workers  calls  for  a V.E.R.  of  0.99. 

3.2  There  are  four  principal  ways  in  which  ellipticity  may  be 
introduced  into  the  system.  They  are:- 

3.2.1  Mismatches  at  the  orifice  or  elsewhere  in  the  system. 

3.2.2  Inequality  in  the  two  piano  components  of  the  C.P.W. 

3.2.3  Phase  separation  other  than  90°. 

3.2.4  Imperfect  separation  of  plane  canponcnT;s. 

3.2.1  Mismatches 

Pig.  2 shows  the  schematic  diagram  of  a waveguide  system  intended  to 
produce  circularly  polarised  waves.  It  consists  of  a transformer  section 
which  converts  tho  guide  dimensions  to  a size  large  enough  to  support 
propagation  in  both  pianos,  a section  in  which  the  signal  is  effectively  split 
into  two  orthogonal  plane  polarised  components;  a circularising  section  in 
which  one  of  those  components  is  deloyod  by  9CP  with  respect  to  tho  other,  and 
an  orlfioe  sootian  which  couples  the  wave  to  free  space.  Discontinuities  may 
arise  in  any  of  these  sections,  but  whatever  their  magnitude  and  phase  they  can 
be  resolved  into  two  reflected  waves  returning  into  tho  transformer,  one 
polarised  parallel  to  the  original  polarisation,  tho  other  one  perpondicular  to 
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The  parallel  polarised  component  will  travel  along  the  waveguide  ay  a tern 
and  will  eventually  reaoh  the  magnetron,  where  ita  effect  will  he  entirely 
conventional . Provided  that  ita  magnitude  ia  kept  down  sufficiently  to 
avoid  frequency  pulling,  little  harm  will  rosult,  and  any  power  roflooted  off 
the  magnetron  will  produce  only  circularly  poloriaod  radiation  of  the  original 
direction  of  rotation.  This  will  affoot  tho  magnitude  but  not  the  olliptiaity 
of  the  radiated  signal. 

Tho  perpendicular  ccmponont  oannot  bo  propagated  boyond  tho  transformer, 
so  it  will  bo  reflected  in  ontiroty  towards  the  orifioc,  boing  converted  by 
the  ciroulariser  to  circular  polarisation  of  the  opposite  hand.  This  is 
liable  to  have  a scriouo  effect  on  the  V.E.R.  to  on  extent  shown  in  Pig.  1. 

If  we  make  the  reasonable  assumption  that  any  discontinuities  occurring  after 
the  circulariser  are  equal  and  coincident  for  tho  two  planes,  virtually  all 
the  power  reflected  will  return  to  tho  transformer  cross  polarised  and  will 
emerge  for  a second  time.  Undor  theso  circumstoncos,  tho  Voltage  Standing 
Wave  Ratio  at  the  orifice  corresponds  exactly  to  the  VJ2.R.  produced,  since 
each  correspond  to  the  same  power  ratio.  To  return  to  our  earlier  example, 
a suppression  of  40  db  on  symmetrical  targets  calls  for  a match  at  tho  orifice, 
including  reflections  from  any  paraboloid  which  may  bo  used,  of  0.99  or  better. 

Since  this  is  not  easy  to  achieve  over  a wide  frequency  range,  steps  must 
be  taken  to  eliminate  the  cross  polarised  component  befaro  it  can  do  any  harm. 
White5  and  others  have  used  lossy  material  to  line  those  walls  of  the  guide 
parallel  to  the  initial  piano  of  polarisation,  between  tho  transformer  and  tho 
45°  transition.  This  matorial  Till  have  little  or  no  effect  cn  the  outgoing 
signal  but  will  effectively  absorb  most  of  the  cross  polarised  component . If 
wo  suppose  that  the  orifice  mismatch  is  not  worse  than  0.8  and  that  tho  match 
of  the  lossy  section  is  the  same,  '.to  have  a 1'  power  reflection  twice  repeated 
and  the  overall  V.E.R.  is  improved  to  0.98.'  It  is  possible  to  improve  on  these 
figures. 

This  arrangement  ia  not  open  to  us  in  the  radar  to  be  described,  but 
c cm  parable  arrangements  have  been  made  to  absorb  any  cross  polarised  signal 
reflected  while  tho  T.R.  cells  are  striking  (sec  Para.  4.8). 

One  further  effect  of  mismatches  is  worth  mentioning,  though  its  effects 
are  of  a second  order  only;  and  that  is  the  power  lost  by  reflection.  A 
V.S.W.R.  of  0.8  corresponds  to  a power  loss  of  about  l^-!  so  that  the  outgoing 
voltage  is  reduced  by  0.5^,  This  could  produce  a V.E.R.  of  0.995  if  the 
reflection  was  in  one  plane  only.  This  is  trivial  enough,  but  tho  effect  is 
still  further  reduced  by  the  fact  that  it  is  customary  to  make  synnotrlcal 
those  parts  of  the  waveguide  system  after  the  circularising  section. 

3.2.2  Inequality  in  the  two  plane  components  of  the  C.P.W. 

It  is  customary  to  start  with  plane  polarisation  and  to  resolve  it  into 
two  components,  one  45°  to  the  left  and  one  45°  to  tho  right.  Inequality  in 
these  components  can  come  either  from  a differential  mismatch  of  the 
circulariser  to  these  two  plane  components  or  from  a doparturo  from  45°  of  this 
angle.  The  first  of  theso  errors  is  virtually  the  same  as  that  discussed  in 
the  last  paragraph  of  3.2.1  above,  where  a differential  mismatch  of  0.8  is 
shown  to  produce  a minimun  V.E.R.  of  0.995-  Tho  effoct  of  an  angle  other  than 
45°  can  be  readily  calculated  as  the  V.E.R.  follows  a simplo  tangent  law.  The 
results,  for  angles  between  40°  and  45°  are  plotted  in  Fig.  }.  To  meet  our 
■elf -appointed  specification  of  V.E.R.  = 0.99  wo  need  an  angular  accuracy  of 
the  order  of  20  minutes  of  arc.  This  is  not  difficult  to  achieve  and  is,  of 
course , independent  of  frequency. 

3.2.3  CTiase  separation  other  than  90° 

Whan  a C.P.W.  is  compounded  from  two  equal  orthogonal  plane  wavo a ^ of 
phase  separation  6,  the  V.E.R.  = k ia  governed  by  tho  relation:  - 

ton  6 = — — — ...  Eo.2 

1 - k2 
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This  is  plotted  on  Fig.  4«  The  relationship  is  nearly  linear  for  values 
of  k between  0.8  and  1.0  and  for  a V.E.R.  of  0.99  we  need  a phase  separation  of 
90°  ♦ 0.6°.  This  seems  likely  to  be  tho  most  critical  of  tho  parameters  we 
have  so  far  discussed,  beoause  most  phaso  shifting  doviooa  aro  sensitive  to 
frequency.  Fortunately  for  tho  purposos  of  this  investigation,  no  very  groat 
band  width  is  noodod  and  a simple  phase  shiftor  of  rectangular  guido  was 
thought  to  be  sufficient.  Tho  guido  diroonsions  wore  chosen  to  bo  0.8"  x 0.9” , 
as  this  scorned  to  be  a satisfactory  canpromiso  botwoon  the  tolerances  required 
and  a reasonable  length.  Ignoring  mismatchos,  and  ohoosing  a length  to 
produce  the  requisite  phaso  shift  at  a frequency  of  9375  Mo/s,  a calculation 
was  made  of  differential  phaso  change  as  a function  of  frequency.  This  1b 
plotted  in  Fig.  5,  and  shows  that  a bond  width  of  Approximately  50  Mo/s  should 
be  obtained  for  a V.E.R.  of  0.99.  This  is  adoquato  for  our  purposo. 

The  phase  separation  of  tho  two  oompononta  will  bo  affcctod  by  tolerances, 
not  only  in  the  phase  shifter  but  in  any  wavoguido  part  in  tho  system  where 
both  components  exist.  Taking  waveguide  0.9"  x 0.9"  for  example,  and  studying 
the  offoat  of  small  variations  in  tho  dimensions  wo  obtain  the  relationship 
plotted  in  Fig.  6.  Y/c  note  that  with  guido  of  standard  tolerances  of  + 0.001", 
there  is  a possibility  of  our  arbitrary  tolerance  of  0.6°  phase  being  produced 
in  a length  of  guido  of  Ijr" . It  is  clear  that  tho  circularising  section  and 
any  components  subsequent  to  it  will  have  to  be  manufactured  to  very  oloso 
tolerances.  If,  for  any  roason,  this  does  not  prove  practicable,  thoro  is  a 
case  for  a small  adjustable  phaso  shiftor  covering  a range  of  say  ^2°.  If 
tho  orifice  was  mado  circular,  in  order  to  achieve  a synmctrioal  primary 
diagram,  this  extra  phaso  shifter  might  take  the  form  of  n squoczo  scoticn 
extending  over  one  inch  near  tho  mouth.  The  extent  of  the  squeeze  in  this 
case  would  not  need  to  exceed  + 0.005",  and  if  tho  orifioo  was  olliptioal  to 
this  extent,  the  effect  on  tho  radiation  pattern  would  be  quite  inappreciable. 

3.2.4  Imperfect  separation  cf  plono  c opponents 

When  the  incoming  signals  have  passed  through  the  circularising  section 
and  exist  in  square  guido  as  two  orthogonal  plane  polarised  components,  they 
still  need  to  be  separated.  The  device  used  is  discussed  in  Section  4 and 
mokes  use  of  the  properties  of  a grating.  Thereafter  complete  separation  can 
be  effected  by  reverting  to  standard  waveguide  which  can  propagate  in  only  one 
plane.  If,  however,  the  grating  is  capable  of  producing  a cross  polarisod 
component,  this  will  continue  to  be  treated  by  the  system  as  would  any 
authentic  signal  and  cannot  thereafter  be  removed. 

Suppose  we  imagine  one  element  of  too  grating  to  bo  lying  at  a small 
anglo  0 with  the  direction  of  the  E vector  of  the  incident  polarisation.  The 
coupling  with  tho  B vector  will  therefore  be  a function  of  cos  9.  The 
o lament  can  now  be  regarded  as  radiating  in  its  own  plane  and  will  therefore 
■produce  a cross  polarisod  component  f (cos  9 . sin  9;.  As  cos  9 1,  tho 

cross  polorisod  component  may  bo  taken  ns  f (sin  9)  and,  to  take  a practical 
case,  the  component  is  unlikely  to  exceed  a level  of  -41  db  if  the  angle  of  tho 
grating  olemonts  doos  not  depart  by  more  than  0.5°  from  the  incident  plane  of 
polarisation. 

In  fact,  tho  situation  is  likely  to  bo  bettor  than  this  because  tho 
re -radiated  power  will  travel  outwards  from  the  grating  in  both  directions, 
only  half  of  it  entering  the  receiver  in  Channel  A.  A difference  of  0.5° 
between  the  oriontation  of  tho  guide  and  of  the  grating  may  thorefore  produce 
a spurious  sijpial  of  level  -44  db.  Results  will  be  similar  if  tho  polarisation 
Is  allowed  to  rotate  relative  to  the  guido  or  vice  versa.  Experiments  wore 
carried  out  which  confirmed  that  the  polarisation  makes  little  attempt  to 
follow  a gentle  twist  in  squoro  guide,  so  that  the  original  axes,  diotatod  by 
the  first  standard-to-square  wavoguido  transformer  must  bo  rigidly  onforood  if 
the  best  results  are  to  bo  obtained.  There  is  roason  to  believe  that  for 
small  randan  variations  of  each  olomento  of  tho  grating,  the  cross  polarisod 
oomponont  will  bo  very  small. 
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3.3.1  Addition  of  errors  up  to  waveguide  orifice 

Suppose  wo  assume  that  each  of  the  first  three  causes  of  error  disouased 
in  Section  3*2  is  capable  independently  of  producing  a V.E.R.  of  0.99*  A 
resultant  V.E.R.  of  0.97  might  be  produced  if  tho  orientations  of  each 
ellipse  were  identioal  but  this  cannot  be  so  since  the  orientations  are 
governed  by  the  cause  of  error.  Tho  error  duo  to  mismatches  can  produce 
elliptic! ty  with  the  major  axis  lying  at  any  angle,  since  this  angle  is  a 
f motion  only  of  the  phase  of  tho  two  interfering  signals.  When  the  error 
is  duo  to  inequality  in  the  two  oempononts,  the  major  axis  of  tho  ellipse 
will  be  at  + 45°  with  respect  to  the  initial  polarisation,  but  whon  it  is 
duo  to  a phaso  error  in  the  circular! scr  it  vdll  be  parallel  or  perpendicular 
to  the  initial  polarisation.  Tho  tyro  la l lux'  errors  therefore  cannot  cancel 
nor  can  they  completely  add.  As  a close  approximation  thorofore  we  may  take 
the  total  probable  spurious  voltage  to  be  the  square  root  of  tho  sum  of  the 
squares  of  the  individual  voltages,  loading  to  a probable  V.E.R.  of  0.963  and 
a corresponding  suppression  of  perfectly  synmotrloal  targets  of  % db. 

3.3.2  Effect  of  aerial 

Wo  have  discussed  so  for  only  the  effect  of  errors  in  tho  waveguide 
system.  If  a perfectly  symmetrical  orifico  is  used  as  a primary  food  for  a 
perfectly  synmetri  oal  secondary  radiator,  no  ollipticity  should  bo  produoed  in 
the  centre  of  the  beam.  This,  of  ooursc,  is  not  a practical  possibility  and 
tho  effect  of  errors  of  manufacture  and  of  design  imposed  by  practical 
requirements  are  difficult  to  estimate  and  extremely  tedious  to  compute . To 
these  must  bo  added  tho  operational  difficulty  of  ensuring  that  tho  target  is 
in  the  correct  part  of  the  beam  during  any  measurements  and  the  effect  of 
multipath  transmissions  and  reflections  on  tho  polarisation. 

It  was  decided  therefore  to  concentrate  cm  a good  performance  up  to  and 
including  the  primary  source,  and  then  to  measure  tho  V.E.R.  in  the  centre  of 
the  secondary  beam  and  the  polar  diagram  in  both  planes.  It  is  not  possible 
to  make  a very  close  estimate  of  i he  ollipticity  from  a study  of  the  polar 
diagrams,  particularly  at  points  who  re  the  slope  is  steep.  Tho  ollipticity 
was  checked  directly  by  means  cf  a plane  polarised  source  (actually  an  echo 
box)  and  by  noting  the  fluctuations  an  •• he  tro  outputs  as  tho  C.P.  aortal  was 
moved  in  azimuth  and  elevation.  Then,  icnowing  the  operational  conditions  of 
each  experiment,  an  estimato  could  bo  reached  of  the  limitations  of  the 
equipment  under  those  particular  conditions. 

It  should  bo  pointed  out  that  tho  degree  of  cancellation  discussed  in  the 
last  section  is  that  possible  with  a single  receiver  only  and  that  it  was  hoped 
that  the  high  degree  of  cancellation  using  two  receivers  combined  in  Channel  C 
would  be  obtained  for  any  value  of  V.E.R.  of  0,7  or  more  (300  Section  4*9). 

4.  DETAILS  OF  RADAR  CONSTRUCTION 


4-1  Trangnittor 


The  radar  transmitter  was  quite  conventional,  producing  a power  of  40  MIT 
on  a radio  frequency  of  about  9375  Me/ s . Tho  modulator  produood  approximately 

1000  pulses  per  second  each  of  1 microsecond  duration,  Aorial  aporture  was 

56". 


* 


• l 
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4.2  Plane  Resolver 

Fig.  7 shows  a photograph  and  Fig.  8 a diagram  of  tho  piano  resolver  which 
incorporates  a quarter  wave  stop  transformer  converting  to  a waveguide  size  of 
0.9"  x 0.9"  (i.d.)  and  which  servos  to  soparato  the  two  orthogonal  components 
of  the  incoming  signal.  Tho  trananitter  signal  is  unaffoctod  by  tho  grating 
and  tho  slot  end  passes  to  tho  45°  transition  section. 
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4<3  43°  Transition 

• (Figs.  9 and  10)  The  purpose  of  this  is  to  cause  the  electric  vector  to 
lie  along  the  waveguide  diagonal  with  a minimum  discontinuity.  If  the 
eleotrio  vector  lies  along  the  diagonal,  then  the  elements  of  the  circularising 
section  must  be  perpendicular  or  parallel  to  the  walls  of  the  circularising 
guide,  which  eases  calculation.  There  seems  no  other  great  advantage  in  using 
this  system  compared  with  one  using  a perpendicular  oleotric  vector  and  a 
diagonal  phase  shifter. 

4.4  Circularising  Section 

As  only  a narrow  frequency  band  had  to  be  covered,  tho  phase  shifting 
seoticn  could  be  quite  simple.  It  was  decided  to  use  rectangular  guide  of 
dimensions  0.9"  x 0.8"  to  produce  tho  differential  phase  velocity  between  the 
two  components.  It  was  of  all-metal  construction  and  so  close  tolerances 
oould  be  maintained  by  olectroformirg  or  other  techniques.  These  tolerances 
were  found  necessary  owing  to  a tendonev  for  tho  component  to  generate  a high 
order  E mode  of  propagation.  This  showed  itself  as  a number  of  high  Q 
resonances  in  the  curve  of  V.S.W.R.  The  coupling  to  the  E mode  was  severe 
with  the  first  model  of  tho  phase  shifter  because  the  design  was  asymmetrical 
(Fig,  ll).  With  a symmetrical  design  (Fig,  12)  results  were  much  improved 
and  as  the  residual  resonances  wore  very  small  in  magnitude  it  was  decided  to 
ignore  them.  A square -to -circular  transition  completed  tho  waveguide  run. 

4.5  Aerial  Feed 

The  feed  to  the  paraboloid  presented  something  of  a problem,  owing  to  tho 
difficulty  of  taking  the  signals  round  a bond  in  squaro  guide  and  still 
maintaining  circularity.  In  the  first  model,  a half  paraboloid  was  used  and 
the  waveguide  con  pen  cuts  offset  in  front  of  it.  A reasonable  circularity  was 
maintained  on  the  axis  of  the  beam  but  rather  serious  departures  from 
circularity  occurred  in  the  skirts.  Therefore  recourse  was  had  to  a 
symmetrical  paraboloid  and  the  square  waveguide  taken  to  it  by  two  bends, 
mutually  at  right  angles  (see  Fig.  13).  It  was  hoped  that  the  relative  phase 
shift  between  the  two  orthogonal  vectors  introduced  by  one  bond  would  be 
corrected  in  the  next.  To  a first  order,  at  any  rate,  these  hopes  have  been 
Justified.  That  part  of  the  waveguide  run  in  the  fioid  of  tho  aerial  was 
protected  with  radar  absorbent  material,  and  in  the  interests  of  symmetry  the 
support  right  across  the  aperture  wus  simaiarly  protected. 

4*6  Plane  Polarisou  Feed 

In  certain  cases  it  is  of  interest  to  radiate  a plane  polarised  signal 
and  compare  the  parallel  and  perpendicular  components  of  the  echoes.  A 
convenient  way  of  doing  thi3  is  to  add  an  extra  circularising  section  at  the 
orifice.  The  dosign  adopted  was  that  reported  by  Simmons?  and  worked 
satisfactorily.  The  component  was  a good  push  fit  into  the  waveguide  and  the 
plane  of  polarisation  of  the  radiawod  wave  could  be  continuously  adjusted  by 
rotating  the  extra  circulariser.  Tho  "plane"  wave  sc  produced  was,  in  fact, 
elliptically  polarised  with  a major -to -minor  axis  ratio  23  db.  This  was 
adequate  for  the  purpose  intended,  namely  measurements  on  aircraft. 

4.7  Channel  A Receiver 


The  Channel  A receiver,  which  is  coupled  into  the  wavoguide  run  between 
the  transmitter  and  the  plane  resolver,  id  conventional  except  that  the  valve 
pins  are  soldered  into  circuit  in  the  interests  of  gain  stability.  This 
applies  also  to  tho  Channel  B receiver,  Tho  Channel  A receiver  aooepts 
signals  of  like  polarisation  to  that  radiated  and  in  tho  case  of  circularly 
polarised  radiation  these  will  hereinafter  be  referred  to  as  anti -symaotri cal 
signals . 
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4.8  Channel  B Receiver 

The  Channel  B receiver  accepts  signals  orthogonally  polarised  to  those 
radiated  and  in  the  case  of  circularly  polarised  radiation  these  will  "be 
referred  to  as  symmetrical  signals.  This  reoeiver  is  fed  from  the  branch 
of  the  plane  resolver  whioh  is  illustrated  in  Pig.  8.  Symmetrical  signals 
w_Il  be  polarised  perpendicular  to  the  initial  plane  of  polarisation  and 
therefore  parallel  to  the  elements  of  the  grating.  This  follows  the 
contours  of  an  H piano  corner  and  the  resonant  slot  acts  as  a window  across 
the  waveguide.  Tho  branch  is  coupled  to  the  Channel  B reoeiver  by  a system 
of  TR  cells  similar  to  that  used  in  a normal  transmitter  except  that  the 
cells  arc  arranged  to  connect  tho  branch  to  a dummy  load  when  the  transmitter 
operates.  In  order  to  achieve  this,  the  usual  Affi  coll  is  replaced  by  a TR 
cell,  as  tho  only  por.ur  available  to  striko  them  is  that  reflected  from  the 
various  mismatches  in  the  system . Y/o  have  the  rather  unusual  phenomenon  of 
a prohibited  range  of  mismatches  in  the  feed.  For  values  of  mismatch  between 
0.7  and  0.9,  there  is  enough  power  in  the  branch  to  strike  both  TR  oolls  and 
the  resultant  rcflcctod  signal  contributing  to  olliptioity  produces  only  a 
scoond  order  error.  For  values  of  mismatch  greater  than  0.99,  the  reflection 
from  the  branch  can  bo  ignored,  but  the  achievement  of  this  figure  soarocly 
Justifies  the  trouble.  For  values  of  mismatch  between  0.9  and  0.99  there  is 
a possibility  that  only  one  TR  cell  in  the  branch  will  strike,  producing  a 
serious  mismatch.  Under  these  circumstances  the  cllipticity  will  be  largely 
determined  by  tho  system  mismatch  and  so  may  fall  to  0.9*  Steps  have 
therefore  to  be  taken  to  sec  that  the  mismatch  is  not  better  than  0.9,  and, 
as  may  be  imagined,  this  is  not  difficult.  Higher  transmitter  powers  and 
other  types  of  connection  will  no  doubt  alter  these  figures. 

4.9  Phase  Bridge  and  Channel  C 

Mixing  of  tho  two  signals  before  phase  is  lost  may  be  carried  out  either 
at  radio  or  intermediate  frequency.  The  advantages  of  doing  it  at  radio 
frequency  lies  in  the  improved  signal  to  noise  ratio,  sinco  noise  from  only 
one  mixer  is  involved.  Tho  advantages  of  I.F.  mixing  arc  increased 
flexibility,  a possibility  of  a number  of  simultaneous  outputs  and  non- 
interference with  the  normal  operation  of  Channels  A and  B. — For  a measuring 
equipment,  the  increased  noise  level  of  up  to  3 3b  was  no  handicap,  so  this 
lattor  system  of  mixing  was  adopted. 

The  principles  of  operation  are  shown  in  Fig  ■ 14  and  are  quite  straight- 
forward. Signals  from  the  two  head  amplifiers  A and  B are  fed  to  two  buffer 
valves  (V^,  V2)  with  independently  variable  gain.  The  anodes  of  each  of 
these  valves  are  coupled  to  tuned  circuits  LI  and  L2.  The  two  circuits  are 
identical  except  that  in  one  caso  one  of  tho  coupling  windings  is  reversed  in 
phase.  It  is  clear  that  if  the  A and  B signals  are  in  phase,  in  one  of  the 
output  coils  the  signals  will  add,  in  the  other  they  will  cancel.  If  tho 
phase  of  A or  B is  altorcd  by  180®  then  the  two  outputs  will  be  reversed.  By 
means  of  a phase  shifter  in  tho  local  oscillator  circuit  of  one  channel,  the 
relative  phase  of  A and  B can  be  adjusted  to  seme  suitable  value,  and  as 
normally  set,  the  bridge  outputs  correspond  to  the  vertical  and  horizontal 
components  of  any  complex  echo.  These  two  signals  may  be  referred  to 
collectively  as  Channel  C because  they  take  note  of  the  orientation  of  incoming 
polarisation.  The  magnitudes  of  Channels  A and  B,  however,  are  governed  by 
the  degree  of  ellipticity,  but  not  by  the  orientation  of  the  ellipse.  By 
making  gains  of  the  two  arms  of  tho  bridge  unequal,  and  by  suitable  adjustment 
of  the  phase  shifter,  Channel  C may  be  adjusted  to  select  or  reject  any  chosen 
ollipticol  component  of  tho  echo.  The  chief  value  of  this  facility  is  to 
eliroinato  tho  spurious  signal  from  a porfootly  symmetrical  target  introduced 
by  departure  from  circularity  in  the  radar  (see  Soct.  3).  This  signal  in 
Channel  A can  be  effectively  balanced  out  by  foeding  in  some  Channol  B signal 
out  of  phase.  Under  theso  conditions,  tho  gain  of  in  the  phase  bridge  is 
at  maximum  and  the  gain  of  V2  is  very  lew.  This  of  course,  -trill  only  deal 
with  constant  olliptioity  such  as  that  produced  by  the  radar;  varying 
ellipticity  introduced  by  tho  target  will  be  quite  unaffected.  An  altomativo 
way  of  looking  at  this  operation  is  to  regard  it  ns  onnoollation  obtained  by 
using  two  orthogonal  elliptical  polarisations,  one  for  transmission  and  ono  for 
recopticn. 
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The  two  Channel  C signals  coming  from  the  bridge  were  fed  to  two  I.P. 
amplifiers  with  detectors. 

4*10  Algebra  Unit  and  Display 

A video  frequency  amplifier  unit  was  constructed  to  which  could  be  fed 
two  input  signals,  A and  B for  examplo.  The  unit  produced  four  output 
signals  corresponding  to  A,  B,  A - B and  m A + n B where  m and  n oould  be 
adjusted  to  any  value  between  + 1 and  - 1. 

These  four  output  signals  together  with  cue  of  the  Channel  C signals  as 
a cross-check,  were  displayed  as  Y doflections  on  five  cathode  ray  tubes 
(Fig,  15)  which  oould  be  photographed  on  16  ms.  film  at  16  frames  per  second. 
Time  base  ranges  were  5»  10,  20  and  40  miles. 

As  wo  have  shovm  in  Sect.  2,  A and  B correspond  to  the  anti -symmetrical 
and  syimnetrical  components  respectively  of  the  echo.  The  A - B display  has 
a number  of  interesting  features.  It  is  very  insensitive  to  plane  polarised 
signals,  since  such  signals  by  definition  produce  equal  A and  B amplitudes. 
Deflection  up  or  down  would  sh ew  the  tondency  towards  A or  B in  the  target; 
and  the  rapid  boating  between  A and  B which  was  expected  from  a moving  target 
offorod  some  possibility  of  differentiating  between  man-made  structures  and 
rural  terrain  echoes  where  wind  movement  of  the  trees  and  leavos  might  be 
expected  to  have  an  effect. 


4.11  Then  the  mA  and  nB  signal  was  adjusted  so  that  m = n =1,  it  was 
hoped  that  some  of  the  power  lost  by  splitting  the  aircraft  echo  into  two 
nearly  equal  parts  would  bo  regained.  The  reasoning  is  as  follows : - 


Type  of  Radar 

Remarks 

Expected 

Loss 

Ideal  Plane  Polarised  Radar 

All  energy  returned  from 
target  accepted  by  reooivor 

0 db 

Praotical  Plane  Polarised 
Radar  (X  band  experiments 
Ref.  3) 

- i db  lost  in  cross 
polarised  component 

-j  db 

Circularly  Polarised  Radar 
(Power  is  split  oqually  < 

bo tween  channels  A and  B) 

f 

- Channel  A 

- Channel  B 

-3  db 
-3  db 

The  results  of  post  detector  addition  of  the  two  signals  has  been 
sunnariaed  by  P.Ivi.  Woodward. 


gi^ma  Power  at  In  t 

Noise  Pov/er 

= 

i* 

N 

...  Eq.3 

Signal  Amplitude  at  Input 
HUS  Noise 

= 

in 

N 

...  Eq.4 

Signal  Am^ntude  after  aeteotlcn 
RMS  Noiso 

< 

IT 

P«N  ...Eq.5 

(Ref.  8) 

iff 

P»N  ...  Eq.6 

Addition  after  detection  inoreasos  tho  above 
the  signal  adds  coherently. 

values  by  a 

factor  of  J~2  because 

-9- 

SECRET 

SECRET 


We  have  therefore : - 


Signal  amplitude 
RMS  Noise 


The  Power  Loss  in  A + B is  therefore 


P//2 


N 


P <<  N 


Jp/H  ' P>>N 


. . . Eq.7 

. . . Bq.8 


1-g-  db  when  P < N 
0 db  when  P > > N 

Y7henP~N,  acme  intermediate  figure  may  be  expected  to  obtain,  say  1 db. 

Those  figures  refer  to  the  ideal  plane  polarised  radar  and  should  be 
improved  by  i db  when  compared  vdth  the  practical  plane  polarised  radar,  giving 
a nett  value  of  db  loss  cn  A + B,  which  display  can  be  used  for  maximun  range 
when  there  is  no  rain  or  other  intorferenoe . Y/o  may  also  expect  the  proportional 
fluctuations  in  auplitude  to  be  reduced  by  the  addition  of  two  independently 
fluctuating  signals . This  applies  parti  cularl-'-  to  signals  at  or  near  zero. 

A. 12  Similar  results  can  be  obtained  by  feeding  to  the  Algebra  Unit 
signals  V aid  H corresponding  to  the  vertical  and  horizontal  components 
respectively  of  the  echo  when  illuminated  vdth  a C.P.T7.  Here  the  V-H  display 
is  likely  to  be  the  most  interesting,  inspection  immediately  showing  a target 
which  has  an  echoing  area  predominantly  vertical  or  horizontal.  Adjustment 
of  gain  in  the  two  channels  till  the  signal  i3  balanced,  gives  a measure  of  the 
difference.  The  V-H  channel,  incidentally,  eliminates  both  symmetrical  and 
anti -symmetrical  echoes. 

5.  CALIBRATION  AND  OPERATION 


The  following  measurements  were  carried  out  on  the  equipment,  in  order 
to  test  its  capabilities . 

5.1  Measurement  of  aerial  polar  diagrams 

5.2  Measurement  of  degree  of  circularity  of  radiated  wave  on  beam  axis 

5.3  Measurement  of  circularity  on  beam  axis,  using  aerial  as  receiver 

5. A Setting  up  and  monitoring 

5*5  Check  on  circularity  at  other  points  on  the  polar  diagram 

5.6  Measurement  of  V.S.Y7.R.  of  the  waveguide  system 

5.7  Measurement  of  degree  of  cancellation  obtainable  on  plane  polarised 

test  signal  using  phase  bridge 

5.1  Polar  Diagrams 

Fig.  16  shows  the  aerial  polar  diagram.  The  azimuth  diagram  agrees  very 
closely  vdth  that  expected  from  the  primary  pattern,  but  the  elevation  'diagram 
has  more  and  higher  side  lobes,  duo  probably  to  the  support  to  the  feed.  They 
are  of  little  signifioanoo  for  our  purpose,  as  the  main  lobe  is  very  similar  to 
that  of  Fig,  16. 
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5 . 2 Ciroularity  of  Serial  used  aa  Transmitter 

This  was  measured  direotly  using  a detector  and  meter.  By  a suitable 
choioe  of  sites,  one  can  eliminate  errors  due  to  multiple  path  trananissian, 
and  the  beam  width  at  the  point  of  roooption  is  sufficiently  brood  to 
aoocmmodate  some  lateral  movement  of  the  receiving  aerial  if  the  spatial 
separation  (about  110  yds)  is  large  onough.  The  dotoctor  operates  under 
square  lav/  conditions  and  thus  omphasisos  departures  from  ciroularity.  The 
motor  could  bo  read  to  2} i>  so  that  measurements  of  circularity  could  bo  mado 
up  to  within  + 0.01,  for  values  above  0.9.  For  lower  values,  tho  motor 
calibration  is  of  significance  and  eocuracy  is  sanewhat  roduood. 

Tho  results  obtained  arc  shovm  in  Fig.  1?  and  aro  quite  satisfactory.  ‘ 

5 .3  Circularity  of  Aerial  used  as  Receiver 

Hatching  conditions  aro  quite  different  during  reception  from  those 
obtaining  during  transmission  because  of  tho  T.R.  coll  arrangements.  The 
reciprocity  theorem  does  not  therefore  hold  and  the  circularity  must  also  be 
measured  under  receiving  conditions . The  effective  circularity  may  be  measured 
by  picking  up  a perfect  circularly  polarised  wave  and  by  noting  tho  magnitude  of 
the  orthogonal  component  generated  in  the  aorlal.  Tho  relative  magnitude  of 
the  L and  B signals  gives  the  effective  circularity  directly  in  accordance  with 
Fig.  1.  A more  convenient,  if  loss  elegant,  way  is  to  pick  up  a piano 
polarised  signal  and  note  the  relative  magnitude  of  the  two  orthogonal  circular 
components  as  the  initial  plane  of  tho  polarisation  is  slowly  rotatod.  This 
method  was  in  fact  used  and  produced  the  results  shown  in  Fig.  18.  Tho  exact 
method  adopted  served  also  to  monitor  the  stability  of  the  equipment  during 
operation  and  as  a quick  means  of  setting  it  up.  The  test  signal  was  radiated 
from  a slot  in  the  end  of  a waveguide  located  nt  the  apex  of  tho  mirror,  and 
the  waveguide  could  be  rotated  about  its  own  axis . The  gain  of  the  two 
channels  was  adjusted  until  the  signals  wore  equal  (i.e.,  A - B = 0).  There- 
after tho  plane  of  polarisation  of  the  test  signal  was  rotatod  and  the 
orientation  plotted  against  the  differential  gain  neocssary  to  keep  A - B =0. 
The  effective  circularity  is  therefore  of  the  order  of  0,99  during  recoption. 

In  these  measurements  it  was  verified  that  there  wore  no  interference  effects 
between  the  radiating  slot  and  tho  receiving  aperture.  Of  course  the  measure- 
ment applies  only  to  tho  primary  radiator,  but  the  almost  complete  symuotry  of 
the  mirror  system  probably  justifies  an  assumption  that  cross  polarisation  due 
to  the  mirror  falls  to  zero  at  the  centre  of  tho  beam.  There  may  be  sane 
slight  nsymmotry  due  t;  obstruction  of  tho  beam  by  the  waveguide,  but  this  was 
minimised  by  shielding  tho  waveguide  with  radar  absorbent  material.  A "hole" 
in  tho  amplitudo  distribution  will  have  much  loss  effect  than  reflected  waves, 
which  will  bo  incorrectly  phased,  and  any  resulting  asymmetry  is  too  small  to 
have  significant  effect  on  the  measurements. 

5.4  Setting  up  and  Monitoring 

It  is  clear  that  tho  test  pulso  can  bo  radiated  throughout  any  operation 
and  provides  confirmation  of  tho  stability  of  tho  equipment.  Doparture  fran 
balance  in  tho  appropriate  channel  immediately  renders  the  rosults  suspect. 

The  setting  up  procedure  is  very  straightforward.  Whon  radiating 
circular  polarisation  and  comparing  tho  symmetrical  and  anti -symmetrical 
components,  tho  gain  of  tho  two  receivers  is  adjusted  until  tho  A-B  display  has 
zero  deflection.  Thoroaftor  the  polarisation  of  the  test  pulso  is  rotated  to 
confirm  that  the  balanoo  on  the  A-B  display  is  maintained  to  within  + 0.5  db. 

When  radiating  circular  polarisation  and  comparing  two  plane  components 
in  a Channel  G display,  tho  procedure  is  soarooly  langor.  Tho  tost  pulso  is 
adjusted  to  vortical  polarisation  (say)  and  the  phaso  shiftor  and  gain  of  the 
phoso  bridge  sot  to  give  zoro  doflocticn  on  tho  H display.  Tho  tost  pulso  is 
rotatod  to  horizontal  and  it  is  confirmed  that  thore  is  no  signal  on  tho  V 
display.  Tho  tost  pulso  is  now  turnod  to  45°  and  tho  gain  of  tho  two  receivers 
is  set  to  a suitable  lovel  and  so  that  V - H = zoro. 
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A similar  adjustment  takes  place  when  transmitting  plane  polarisation  and 
oanparing  the  parallel  and  perpendicular  components  of  the  eoho.  The  only 
difference  is  that'  the  use  of  the  phase  shifter  is  replaced  by  physical 
rotation  of  the  deoircularising  section  used  in  the  orifice  for  this  type  of 
measurements  (see  Section  4*6). 

5 . 5 Check  on  Circularity  at  Other  Points  on  the  Polar  Diagram 

An  echo  box  technique  vras  used  for  this  measurement  as  the  deduction  of 
V.E.R,  frcm  polar  diagrams  is  unlikely  to  load  to  accurate  results  owing  to 
tho  steepnoss  of  the  slope.  An  error  in  azimuth  of  l/lO  degree  can  produce 
an  error  of  0.5  db  in  level  of  polar  diagram.  If  this  error  is  oppositely 
phased  in  the  two  diagrams  to  bo  compared,  perfect  circularity  con  appear  as 
a V.E.R.  of  0.9,  and  vice  versa.  In  addition,  the  polar  diagrams  will  in 
general  be  only  in  two  planes  and  using  two  polarisations  unless  a lot  of  work 
is  to  be  involved,  and  the  effect  of  ground  reflections  may  not  be  the  somo 
during  the  polar  diagram  tests  as  during  operation. 

A piano  polarised  aorial  connected  to  an  echo  box  was  placed  in  the  beam 
of  the  transmitter.  The  A and  B signals  returned  from  this  target  wore 
equalised  at  some  chosen  range,  and  when  the  target  was  on  the  centre  of  the 
boom.  Thereafter  the  transmitting  aorial  was  scanned  and  the  resultant 
unbalance  was  noted.  As  in  the  previous  section,  an  unbolonoe  of  1 db  is 
oquivalcnt  to  a V.E.R.  of  0.95.  This  is  the  difference  from  that  at  the 
centre  of  the  beam.  No  account  is  taken  of  the  axis  of  the  ellipse,  unless 
a V - H display  is  also  used.  In  view  of  the  magnitude  involved,  there  scorned 
little  purpose  in  this. 

The  results  are  shewn  in  Fig.  19. - 

5.6  V.S.W.R.  of  Waveguide  Components 

A number  of  now  waveguide  components  have  had  to  be  developed,  but  their 
doslgn  was  on  the  whole  straightforward;  overall  remits  are  shewn  in  Fig.  20. 
Great  emphasis  was  placed  on  symmetry  and  so  far  as  was  possible  all  the 
components  were  made  symmetrical.  There  were  exceptions,  of  course,  two  of 
which  have  already  been  mentioned.  They  were  tho  circularising  phase  shifter 
and  tho  aerial  feed.  In  the  first  case  the  reduction  in  guide  dimensions  from 
0,9"  x 0.9"  to  0.9"  x 0.8"  was  achieved  by  bringing  in  both  guide  walls  by 
0,05"  and  each  end  of  each  section  was  matched  with  a quarter  wave  step. 

There  arc  still  some  traces  of  resonances  believed  to  be  due  to  the  generation 
of  a high  ordor  E made,  but  they  arc  comparatively  harmless.  It  is  believed 
that  they  would  disappear, entirely  if  tighter  manufacturing  tolerances  were 
achieved  by  electroforming  or  other  means . 

Tho  same  type  of  resonance  appears  in  the  plot  of  tho  standing  wave 
ratio  of  the  bends.  Preliminary  calculations  indicated  that  the  radius  of 
the  bond  in  square  guide  would  have  to  be  extremely  large,  if  the  amplitude  of 
the  signal  propagated  by  tho  spurious  mode  was  to  be  kept  acceptably  low. 

Tho  cut-off  wavelength  of  the  spurious  mode  was  expoctcd  to  be  equal  to  A Sz 
where  A is  the  width  of  the  waveguide  and  it  was  suggested  that  the  dimensions 
of  the  guide  be  reduced  to  0.85"  x 0.85"  over  tho  bond.  Two  bonds  wore 
therefore  mado,  each  two  wavelengths  leng . The  spurious  resonances  were  much 
reduced  in  amplitude  and  the  overall  results  were  acceptable  for  tho 
comparatively  narrow  frequency  band  required  (9375  + 25  XI c/s) . However,  tho 
problem  is  not  yet  solvod  for  wide  band  operation  and  a basic  investigation 
into  methods  of  dealing  with  circularly  polarisod  waves  would  bo  worthwhile. 

The  only  part  of  the  system,  aport  from  the  bends  in  square  guide,  which 
is  sonsitivo  to  frequency,  is  the  resonant  slot  in  tho  cross -polarised  branch 
of  tho  piano  resolver.  Once  again,  the  band  width  is  amplo  free  tho  point  of 
viow  of  this  particular  oquipnont,  as  tho  match  has  to  bo  no  bottor  than  0.8 
(1$  poror  roflootion).  This  figure,  in  conjunction  with  a straight  through 
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match  (during  transmission)  of  0.8  is  sufficient  to  keep  the  tTri.ce  reflected 
power  to  a value  of  1$  x 1$  = .01$.  This  cannot  produoe  an  elliptioity 
worse  than  0.98.  Similarly,  the  figure  of  0.8  in  the  reoeiver  implies  a loss 
of  received  power  of  0.1  db  which  is  of  trivial  importance  for  our  purpose. 

As  mentioned  in  the  previous  section,  some  work  an  the  broad  banding  of  this 
type  of  component  would  be  profitable. 

The  other  waveguide  components  were  in  general  symmetrical  and  presented 
little  problem.  The  orifice  sections  were  something  of  a compromise,  as  a 
small  orifice  is  needed  to  produce  a broad  primary  pattern,  and  a large 
orifice  prosents  a better  match.  Once  it  was  found  that  the  matched  arm  of 
the  plane  resolver  was  working  satisfactorily,  the  V.S.WJl.  of  the  system  was 
not  critical  and  a small  orifice  was  chosen. 

A photograph  of  seme  assorted  waveguide  components  is  shewn  in  Pig.  21. 

5.7  Degree  of  Cancellation  obtainable  on  Plane  Polarised  Test  Signal 
using  Phase  Bridge 

This  was  measured  directly  by  noting  the  differential  gain  neoessory  to 
equalise  the  parallel  and  perpendicular  components  picked  up  from  the  test 
slot.  By  very  careful  setting  up,  a figure  of  40  db  was  obtained,  the  limits 
being  set  by  the  spectrum  of  the  test  pulse  and  the  fact  that  the  I.F. 
responses  of  the  head  amplifiers  and  bridge  circuits  were  not  identical  at  a 
level  of  less  than  1$  voltage.  When  the  plane  of  polarisation  of  the  test 
signal  was  rotated,  the  balanoe  on  the  other  polarisation  was  rather  better 
than  30  db.  This  figure  is  taken  therefore  as  the  minimus  cancellation 
obtained.  It  is  worth  noting  that  the  best  protection  from  oiroulorly 
polarised  unwanted  signals  is  better  than  this  figures,  by  an  amount 
depending  on  the  waveguide  systom,  which  itself  affords  considerable 
protection.  This  improvement  is  of  the  order  of  20  db  if  we  assume  a 
circularity  of  0.9,  so  wc  may  conservatively  assune  that  cancellation  measure- 
ments on  symmetrical  targets  are  valid  up  to  a value  of  30  + 20  = 50  db 
provided  that  the  target  is  small  compared  with  the  beam  width.  This  is  not 
so  in  the  case  of  rain,  and  the  effect  is  discussed  in  Section  6.1 

6.  PRACTICAL  RESULTS 

A useful  amount  of  information  is  available  frcm  a device  of  this  sort 
by  simple  inspection  and  adjustment.  Yfitb  some  sorts  of  target  there  is 
little  need  to  go  further,  but  with  others  the  useful  information  only  appears 
as  a result  of  mathematical  analysis . This  information  will  no  doubt  bo  the 
subject  of  a further  caaaunication  if  results  warrant  it.  In  the  meantime 
oortain  results  are  sufficiently  interesting  and  unambiguous  to  be  recorded 
bore. 


6.1  Rain  Echoes 


As  mentioned  in  the  previous  section,  the  following  figures  were  obtained 
an  the  performanoo  of  the  equipment. 

Outgoing  circularity  0.99 
Receiving  circularity  0.95 

6.1.1  The  latter  is  likely  to  be  the  limiting  factor,  and  produces  a 
thooretical  cancellation  on  perfectly  spherical  rain  of  about  32  db.  In  fact 
the  rain  cloud  is  a diffuse  target,  often  larger  than  the  beam  diameter  and 
the  elliptioity  of  the  radiated  wave  will  vary  over  the  beam.  This 

amounts  to  the  addition  of  an  orthogonal  ciroular  component,  of 
amplitude  zero  in  tho  centre  of  tho  beam  and  increasing  towards  the  skirts, 

Tho  phase  is  such  that  tho  axes  of  the  ellipse  are  symmetrical  with  respect 
to  the  centre  of  tho  beam.  This  component,  superimposed  on  an  already 
elliptioally  polarised  wave  will  improve  tho  oiroularity  in  one  direction 
moving  from  tho  contro  and  causo  it  to  degenerate  in  tho  other  dirooticn.  As 
tho  effect  on  the  echo  will  be  reduced  by  tho  lowered  rosponao  or  the  boom 
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skirts , it  will  have  only  a second  order  effect  on  the  cancellation  obtainable, 
which  can  atill  be  of  the  order  of  30  db. 

6.1.2  This  varying  ellipticityvri.il  also  reduce  the  degree  of 
cancellation  obtainable  in  Channel  C,  even  if  the  cancellation  of  a point 
target  in  the  centre  of  the  beam  is  50  db  or  more.  Rain  in  the  outlying 
parts  of  the  beam  will  return  relatively  more  power  into  Channel  A than  will 

-rain  in  tho  oentre,  to  an  extent  shewn  in  Fig.  19.  At  the  -10  db  point, 
for  example,  tho  V.E.R.  averages  0-.  96,  corresponding  to  a cancellation  of 
28  db.  The  actual  signal  return  will,  of  course,  be  dorm  by  20  db,  so  the 
spurious  signal  from  a unit  volume  of  rain  in  the  skirt  will  make  a relatively 
small  contribution  tc  the  total  apurirm  parar. 

Integrating  the  wanted  and  unwanted  power  over  the  solid  angle  involved 
reduces  tho  cancellation  obtainable,  but  still  leaves  a possibility  of  tho 
order  of  40  db.  The  position  would  probably  be  sanewhat  worse  with  an  aerial 
producing  an  asymmetrical  beam. 

6.1.3  The  extent  of  the  cancellation  achieved  in  Channel  A alone  is 
measured  by  setting  up  the  system  to  display  A,  A - B,  and  B,  with  gain 
equality  shewn  by  the  test  signal.  A variable  R.F.  attenuator  in  the 
Channel  B arm  is  then  adjusted  to  make  tho  vestigial  rain  signal  in  the  A - B 
display  symmetrical  about  the  bare  lino  (i.c.,  A =B).  The  attenuator 
reading  is  then  directly  equivalent  to  the  degree  of  cancellation.  Setting 
accuracy  is  estimated  at  + 1 db,  and,  with  small  errors  in  gain  adjustment  etc. 
producing  a further  + 1 db,  the  total  RMS  orror  is  thought  to  lie  within  + 1,5 
db.  The  very  rapid  beat  rate  of  the  rain  echoes  assists  this  type  of 
measurement. 

6.1.4  The  improvement  which  Channel  C provides  over  Channel  A can  be 
achieved  similarly  by  displaying  A - C,  ana  adjusting  the  Channel  A receiver 
gain  to  make  the  rain  signals  symmetrical  with  respect  to  the  zero  line. 

This  measurement  is  not  as  accurate  as  that  of  the  first  order  cancellation  as 
the  receiver  noise  is  attenuated  together  with  the  "wanted"  signal,  but,  if 
care  is  taken,  the  errors  arc  not  serious.  The  principal  difficulty  is  to 
find  any  rain  giving  a sufficiently  intense  coho  to  be  40  db  or  more  above  tho 
level  of  the  receiver  noise  and  sufficiently  spherical  to  permit  cancellation 
of  this  order.  A higher  transmitter  power  and  increased  aerial  gain  would 
help  in  this  respect. 

6.1.5  Rain  measurements 

It  is  difficult  to  generalise  on  the  results  because  they  vary 
considerably  from  tirao  to  time  and  even  for  different  rain  clouds  seen  at  the 
sane  time.  The  following  results  tore  considered  sufficiently  reliable  to  be 
worth  quoting . 

Bright  band:  Tho  bright  band  is  the  name  given  to  the  enhanced  echo  from 

that  part  of  the  cloud  whore  vre  snow  is  just  starting  to  melt  and  has  the  high 
dielectric  constant  of  water  cctrbii.cc  with  the  large  dimensions  and  nen- 
spherical  shape  of  tho  sr. aw  -'lake,  Ii  i3  characterised  by  the  fact  that  it 
appears  on  the  Channel  A display,  otherwise  free  or  nearly  free  of  rain  and  by 
the  fact  that  adjustment  of  the  gain  and  phase  controls  in  Channel  C effect  no 
further  improvement.  The  limitation  lies  entirely  in  the  shape  of  the 
precipitation  particles.  Tho  degree  of  cancellation  obtainable  usually  lies 
within  + 1 db  of  17  db  but  occasionally  departs  from  it  in  either  direction. 
There  has  been  obsorved  a correlation  between  this  figure  and  the  type  of 
weather;  the  cancellation  improves  to  about  20  db  under  conditions  of  fine 
steady  drizzle  with  little  vrind,  but  deteriorates  under  thunderstorm  conditions 
when  the  precipitation  is  local  and  turbulent  and  consists  of  very  large 
particles.  Or.  15th  Juno  1953  it  fell  ns  low  as  13  db  for  one  particular 
shower.  There  is  just  a chance  that  this  last  figure  was  connected  with  sane 
specular  reflect! on  frem  wot  roofs  in  front  of  tho  radar  site.  Possibility  of 
further  trouble  has  now  boon  removed  but  it  it  not  worth  while  to  delay 
publioaticn  till  after  further  thunderstorms . 
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The  degree  of  canoe llat ion  obtainable  using  crossed  plane  polarisation 
has  not  been  measured  very  often  but  is  consistently  somewhat  better  than  that 
obtainable  using  circular  polarisation.  The  difference  is  of  the  order  of 
2 db  and  is  consistent  with  the  following  reasoning. 

The  rain  cloud  may  be  regarded  as  composed  of  drops  of  varying 
elliptic! ty  and  of  random  orientation.  Suppose  we  consider,  at  first,  just 
those  drops  of  a certain  ellipticity.  The  echo  from  each  of  these  will  be 
elllptioally  polarised  to  the  same  extent  but  with  an  axis  in  an  aribtary 
direction,  being  a function  of  the  orientation  of  the  major  axis  of  the  drop 
itself.  The  eoho  frcm  oaoh  drop  can  therefore  be  resolved  into  a oiroularly 
polarised  component  and  a piano  polarised  component  of  arbitrary  orientation 
and  constant  amplitude.  The  circularly  polarised  component  can  be  completely 
eliminated  by  the  radar,  leaving  only  the  residuun  which  clearly  behoves  like 
a number  of  arbitrarily  orientated  dipoles,  each  of  the  same  length. 

The  behaviour  of  such  a cloud  of  dipole a is  also  of  interest  in 
estimating  the  behaviour  of  a Window  cloud  (provided  that  due  allownnoe  is 
made  for  the  fact  that  the  orientation  is  not  random)  and  can  be  ascertained 
by  considering  end  integrating  the  echo  from  one  dipole  as  it  rotates. 

Let  us  assume  that  the  power  returned  frcm  such  a dipole  when  parallel  to 
the  incident  polarisation  is  P.  Now  if  the  dipole  lies  at  an  angle  0 with  the 
incident  polarisation  it  will  extract  the  component  of  its  own  polarisation 
from  the  incident  radiation,  and  this  in  turn  must  be  resolved  parallel  to  the 
incident  polarisation.  The  voltage  of  the  returned  signal  is  therefore 
reduocd  by  a factor  of  coa^G. 

The  returned  Power  P^  = P . cos^G  ...  Eq.9 

The  total  power  returned  as  6 varies  between  0 and  ir  is  given  by 

pff  , IT 

P = P 0034e  dG  = £ (3©+  2 sin  20 -4-sin  4©)  . ..Eq.10 

114  J0  8 o 

Similarly  the  returned  power,  perpendicular  to  the  incident  plane  of 
polarisation  from  a dipole  at  angle  6,  may  be  found  by  resolving  the  dipolo 
voltage  perpendicular  to  the  incident  plane.  The  voltage  reduction  is 
therefore  cos  0 . sin  6 and  the  resultant  power  return  is 


Pg'  = P cos^G  . sin^  ...  Eq.ll 

Tho  integrated  power  perpendicular  to  the  incident  polarisation  is  similarly 

r \1T 

P,  = P I oos28  sin2©  dG  = — (G  - ^sin  4®)  ...  Eq.12 

Jo  8 o 

In  both  thoso  expressions  the  sin2G  and  sin40  terms  boootne  zero  and  we  have 
the  simple  result 


P ' 

Ht  _ 2 


> . . E q.13 


a 

p 


* i 


> . . Bq.14 


-15- 

SECRET 


SECRET 


If  we  radiate  circularly  polarised  waves  to  a dipole  target,  the  power 
returned  is  independent  of  the  orientation  of  the  dipole,  and  the  extent  to 
which  it  is  energised  may  be  found  by  resolving  the  C.P.W.  into  two  equal 
piano  components,  one  perpendicular  to  the  dipole  and  which  is  completely 
decoupled  from  it  and  one  component  parallel  to  it.  The  power  reduoticn  is 
clearly  3 db.  The  plane  polarised  component,  re -radiated  by  the  dipole,  is 
split  equally  between  Channel  A and  Channel  B and  we  therefore  may  summarise 
the  results  in  the  following  table. 


Radiated 

Polarisation 

Target 

Parallel 

Component 

Perpendicular 

Component 

Channel 

A 

Channel 

B 

Vertical 

Vertical  Dipoles 

0 db 

- 00  db 

- 

- 

Vortical 

Horizontal  Dipolos 

- 00  ab 

- 00  ab 

- 

- 

Vertical 

Random  Dipoles 

-4.2  ab 

- 9 ab 

- 

- 

Circular 

Vertical  Dipoles 

- 

- 

-6  ab 

-6  db 

Circular 

Random  Dipoles 

- 

- 

-6  db 

-6  db 

45° 

Vertical  Dipoles 

- 6 db 

- 6 db 

- 

- 

The  validity  of  this  argument  is  not  affected  by  tho  elliptioity  of  the 
drops  chosen,  and  the  same  ratios  obtain  when  wo  integrate  the  power  from  all 
drops,  no  matter  what  their  elliptioity  may  be. 


It  is  v.orth  noting  that  the  total  power  returned  to  the  radar  from  the 
random  dipoles  is  half  that  which  would  bo  returned  by  dipoles  parallel  to  the 


incident  polarisation  (-2  + ?.)  and  that  the  same  total  power  is  returned  when 

8 8 


ciroular  polarisation  is  used  (—  + ?). 

4 4 


The  residual  signal  in  the  rain 


cancelled  channel  is,  however,  3 db  less  when  using  crossed  plane  polarisation 
than  when  using  circular  polarisation  (••?  db  compared  with  -6  db),  which  agrees 
reasonably  with  our  observations.  More  than  this  amount  is  lost,  however,  an 
wanted  targets.  (Ref.  3). 


Normal  rain  in  Channel  A:  On  nearly  all  occasions  when  measurements  have 

been  made,  other  than  in  the  bright  band,  the  rain  has  been  made  to  disappear 
completely  into  the  receiver  noice . Ohv-co  mec  rurements  of  the  order  of 

29-30  db  have  been  made  during  light  rain  but  during  thunder  showers  the  ratio 
has  been  less,  falling  (on  15th  June  1953)  to  23  db. 

Normal  rain  in  Channel  C:  As  mentioned  earlier,  it  has  not  been  easy  to 

find  rain  which  produces  a sufficiently  intense  echo  to  make  an  accurate 
measurement  of  the  cancellation  ratio  in  Channel  C,  but  there  has  been  one 
measurement  better  than  35  fe.  The  limitation,  as  usual,  was  the  reduction 
of  the  rain  signal  to  a level  comparable  to  that  of  the  receiver  noise. 

Further  measurements  arc  required  before  confirmation  is  obtained  of  the 
theoretical  figure  of  40  db  quoted  in  6.1.4,  and  the  practical  results  will,  in 
any  case,  depend  on  the  sphericity  of  b:c  raindrops.  This  does  not  soem  to  be 
maintained  during  heavy  thunder  showers, 

6.1.6  Comparison  with  other  results 

The  most  recent  figures  are  those  of  I.C.  Brcvne^  at  Cambridge  working 
on  3.2  cm.  and  N.P.  Robinson9>10  at  Malvern,  working  on  8 mm.  For  measurement 
in  the  bright  band,  our  fairly  consistent  figure  of  17  db,  using  circular 
polarisation,  presumably  corresponds  to  19  or  20  db  using  crossed  piano 
polarisation.  Browne's  figure  of  14.9  + 0.3  db  using  crossed  plane 
polarisation  is  lower  than  our  figure,  though  not  inconsistent  with  some  of  our 
oxtremo  readings.  The  other  discrepancy  is  tho  largo  spread  of  our  readings 
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oompared  with  the  small  spread  of  Browne's,  and  we  are  unwilling  to  attribute 
this  to  variations  in  the  equipment  in  view  of  its  measured  parameters,  its 
performance  on  other  targets  and  the  fact  that  different  oloudo  seen  at  the 
saao  time,  gave  different  results.  It  is  however  possible  that  the  "bright 
band",  wbioh  is  not  v/oll  dofined  during  thunderstorm  conditions,  is  not 
atrlotly  ocoparable  to  tho  vroll  dofined  band  at  uniform  hoight  normally 
implied  by  the  uso  of  this  term.  Boforo  any  close  comparison  can  be  made, 
it  is  dosirablc  to  know  more  about  tho  types  of  rain  storm  being  compared, 
and  tho  relative  performance  of  the  two  radars. 

Tho  improved  cancellation  on  rain  of  30  3b  in  Channel  A and  up  to  35  3b 
in  Channel  C londs  support  to  tho  suggestion  that  Browne's  limitation  of 
22  db  + 0.4  db  on  rain  was  sot  by  tho  aerial  of  tho  radar  rathor  than  the 
naturo~of  tho  droplets.  Here  again  wo  have  been  unable  to  ropeat  the 
consistency  of  rosults  of  oithor  Browne  or  Robinson. 

Only  ono  rough  measurement  has  boon  mado  on  snerw,  so  it  is  unwise  to 
mako  any  serious  comparison  with  Browne's  figures.  Tho  snow  took  tho  form 
of  fine  wot  sleet  at  ground  level,  settling  as  snow  at  about  700  foet.  Par 
what  it  is  worth,  a measurement  made  at  3000  foet  gave  a cancellation  of  not 
less  than  2 6 db.  Measurements  in  the  molting  bond,  presumably  near  ground 
level,  v.erc  not  possible  owing  to  interference  fran  permanent  ground  oohoes. 

Robinson's  rosults  on  8 mm,  using  cross  polarised  plane  waves4''-7  and 
circular  polarisation^-®  agroc  well  with  each  other  but  aro  clearly  of  a 
different  order  to  those  on  Xbond.  The  substantially  lower  cancellation 
(5-11  db  for  the  molting  band  and  17  db  for  rain)  are  possibly  due  (as 
suggested  by  Robinson)  to  the  approaching  resonance  of  tho  rain  and  snow 
particles.  This  scorns  more  likoly  in  tho  case  of  the  molting  band  where 
there  is  a large  statistical  fluctuation,  than  in  the  case  of  normal  rain 
whore  a large  number  of  Robinson' s results  agreed  very  closely.  More 
readings  are  undoubtedly  needed  on  X band  so  -chat  the  consistency  of 
cancellation  ratio  can  be  measured. 

The  rosults  on  S band  should  be  at  least  as  good  as  -On  X band  and  may 
bo  somewhat  improved  as  the  frequency  is  farther  from  resonanoe. 

6.1 »7  Photographs  of  rain  displays 

Pig.  22a  and  22b  arc  photographs  of  the  normal  display  shewing  Channel  A 
rain  free,  except  for  vostigiol  bright  band  signals  and  Channel  B with  rain. 
Tho  A + B display  is  of  somo  interest  as  the  tost  pulso  can  be  seen,  super- 
imposed on  the  rain  signals.  This  is  an  improvement  over  the  conventional 
piano  polarised  radar,  which  has  a similar  maximum  range  (see  Section  4.1l) 
but  in  vriiich  saturation  by  rain  signals  entirely  prevents  detection  of  the 
wanted  signal. 

Fig.  22c  shews  a comparable  display  wxth  a plane  polarised  transmitter. 
Charnel  A represents  the  parallol  component  of  the  echo  and  Channel  B,  now 
rain  free,  represents  the  perpendicular  component. 

H«.  22d  shows  the  case  vtacro  tho  vortical  and  horizontal  components  of 
tho  echo  are  displayed  and  where  the  rain  is  illuminated  with  circular 
polarisation.  The  coho  fluctuations  effect  primarily  amplitude  and  not 
circularity,  so  that  the  V and  H components  fluctuate  simultaneously.  Tho 
V*H  display  is  thcrefaro  rain  free.  In  passing,  it  might  bo  noted  that  if 
the  Channol  C pho30  shifter  is  now  adjusted  to  replace  V and  H by  45°  right 
and  45°  loft  respectively,  wo  have  a display  free  simultaneously  from 
ciroulorly  polarisod,  vortioolly  polarised  end  horizontally  polarisod  signals. 
This  is  probably  only  of  acadomio  intorost,  as  it  represents  a rural  landsoapo 
from  which  most  nan -mado  targets  havo  been  removed.  Tho  reverse  prooess,  is 
unfortunotoly,  not  so  easy. 
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6 , 2 Eohooa  from  Window  Jamming 

Whoreas  rain  ochoes  provide  one  sort  of  elementary  target,  namely  a 
collection  of  dielectric  sphoros,  the  echo  from  tho  ideal  window  fanner 
providos  another  sort  of  olcmcntarv  target,  nomoly  a collection  of  randomly 
oriontated  dipoles  (see  also  6.1,5)*  One  would  expect  a target  of  this  sort 
to  produce  ochoes  oomposed  of  equal  mean  signals  in  Channels  A and  B,  and  with 
all  typos  of  Window  so  far  moasurod  this  is  found  to  be  so.  More  than  20 
drops  havo  taken  placo  in  a variety  of  wind  conditions  botweon  6 and  20  toots 
an  the  ground  and  no  difference  has  so  far  been  dotoctcd  between  the  moan  value 
of  Channol  A and  Channel  B signals.  About  one  minute  after  drop,  tho  Window 
cloud  occupies  moro  of  tho  radar  boom,  so  that  the  boat  rate  boccmoa  vory  rapid 
and  tho  A - B display  shews  a signal  fluctuating  symmetrically  about  tho  zero 
lino.  Tho  rate  of  boat  beoomes  much  faster  than  that  of  aircraft  ochoos  (soo 
Soction  6.4)  which  may  also  shew  an  anti-syirmotrical  or  symmotrical  tendency 
for  period  of  soveral  seconds;  and  given  time  for  integration,  as  with  a 
tracking  radar  for  example,  there  seems  little  reason  why  cchoos  from  Window 
Janming  should  not  be  vory  greatly  roducod  in  intensity  comporod  with  the 
wanted  ochoos.  The  value  of  this  facility  may  be  somewhat  roducod  by  the 
increase  in  fluctuation  rato  of  aircraft  echoes  when  the  aircraft  is  changing 
its  aspoct  rapidly.  More  dotailod  analysis  will  bo  required  to  sottlo  this 
point. 


Of  more  immediato  interest  were  measurements  made  of  relative  horizontal 
to  vortical  oohoing  area  of  the  different  types  of  Window.  The  fact  that 
there  was  a preponderance  of  horizontal  over  vertical  echoing  area  on  all 
occasions  in  no  way  invalidates  the  theoretical  basis  underlying  the  last 
paragraph,  as  the  exooss  horizontal  dipoles  can  bo  regarded  as  producing  a 
horizontally  polarisod  signal  which  is  balanced  out  an  the  A - B display, 
leaving  a collection  of  randomly  orientated  dipoles  giving  a smaller  residual 
signal  symmetrical  about  tho  zero  line . 


The  Window  signals,  as  they  appear  in  the  V - H type  of  display,  are 
shewn  in  Fig.  23a-c.  The  unbalance  is  clearly  due  to  the  increased  horizontal 
echoing  area  and  can  bo  removed  by  inserting  a knovm  attonuatian  in  the 
horizontal  reooivor  channel.  This  gives  a measurement  which  is  repeatable  to 
within  1.5  db  at  any  one  time,  provided  that  15  seconds  has  elapsed  since  the 
dyop,  Before  this  time,  the  fluctuation  rato  is  slower  and  the  V-H  ratio  is 
changing  frera  (presumably)  0 db,  corresponding  to  tho  turbulent  conditions  in 
the  slipstream,  towards  that  value  which  is  a function  of  the  type  of  Window 
ttaolf , Tho  repeatability  of  thi3  typo  of  measurement  can  bo  estimated  from 

Fig.  30,  which  shews  the  H/V  ratio  for  two  types  of  Window,  plotted  as  a function 
of  time  aftor  drop. 


Tonainal  values  in  the  caso  of  two  difforont  typos  of  Window  have  been 
found  to  be  8-9  db  for  RR.12/i/U  and  13-15  db  for  XWB/X/l.  Tho  former  is 
weighted  to  make  polarisation  more  random,  but  there  is  still  dearly  recan  for 
improvement  in  this  rcspoct. 


More  recently,  somo  drops  have  taken  place  of  Window  of  different  longtha 
hut  otherwise  identical.  Close  repetitive  agreement  has  boon  found  in  the 
results  which  ore  as  follows ; - 

Length  H : V Ratio 


3X 

2 


7 db 


X 


10  db 


X/2 


15  db 


In  this  measurement,  no  attompt  was  mado  to  weight  tho  material. 
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Superficial  examination  has  bean  made  also  of  the  distribution  of 
notorial  in  Winder/  clouds.  Sano  minutes  after  dropping  thore  has  boon 
rocordcd  a difforonco  of  3 db  in  tho  fy/V  ratio  between  the  top  and  the 
bottom  of  tho  aloud,  tho  ratio  boing  larger  at  tho  top.  This  difference 
is  more  notiooablo  when  tho  wind  gradient  with  hoight  is  stoop  and  the 
Window  cloud  noods  difforent  attonuator  sottings  to  balanoo  it  throughout 
its  axtonsion  in  rango. 

6.3  Sround  Echoes 

Tho  radar  was  situated  at  a hoight  of  approximately  230  foot  and  was 
usod  to' survey  tho  terrain  vtaich  sloped  gently  away  from  it.  The  ground 
was  fairly  wo 11  woodod  but  contained  no  appreciable  built  up  areas.  There 
wore  a number  of  isolated  houses  and  forms. 

Transmission  Circular.  Comparison  of  A and  B:  As  with  the  rain,  throe 
types  of  measurement  v/erc  made  in  ordor  to  invostigato  tho  nature  of  the 
various  echoes.  Tho  most  important  was  tho  radiation  of  ciroularly  polarised 
radiation  and  the  comparison  of  the  sigml  levels  in  Channels  A,  B and  A-B. 

It  was  found  that  echoes  could  bo  divided  into  throo  difforent  types.  The 
overwhelming  majority  of  the  targets  produced  oohoes  of  nearly  equal  moan 
power,  although  tho  instantaneous  power  was  fluctuating  rapidly.  Tho  A-B 
display  therefore  presents  a confused  mass  of  echoes  beating  on  both  sides  of 
the  zero  lino.  There  appeared  to  be  a slight  general  bias  in  favour  of 
symmetry,  amounting  to  about  1-jy  db,  though  of  course  the  amount  varied  from 
target  to  target.  As  the  ground  wind  speed  is  reduced  the  beat  rato  falls 
until  dead  calm  is  reached.  Under  these  conditions  tho  trace  is  almost 
stationary,  with  each  echo  being  polarised  to  an  arbitrary  ellipticity 
dependent  upon  tho  fortuitous  addition  and  cancellation  of  the  constituent 
components , 

There  appears  to  be  a difference  betweon  winter  and  s urine r behaviour, 
in  that  in  winter  a wind  velocity  less  than  8 knots  or  thereabouts  permits 
the  beat  rote  to  slow  down  and  the  individual  echoes  to  develop  a positive  or 
nogative  tendency.  The  corresponding  wind  velocity  in  the  summer  is  of  the 
order  of  2 to  3 knots,  presumably  because  the  branches  of  the  trees  are  then 
in  full  leaf. 

Among  these  randomly  polarised  echoes,  certain  others  ismediatoly  stand 
out  on  the  A-B  display.  They  arc  either  symmetrical  oehoos  or  anti- 
aymnotrical  echoes  and  are  usually  very  steady  in  amplitude  and  independent 
of  wind  velocity.  It  is  reasonable  to  expect  them  to  come  fran  man-made 
structures  and  those  which  have  been  physically  investigated  have,  in  fact, 
done  so.  Owing  to  tho  limitations  of  the  site,  there  have  not  been  a large 
number  but  it  is  of  interest  that  all  the  symmetrical  eohoes  located  have 
presented  curved  surfaces  to  the  radar.  Typical  examples,  a house  with  a 
largo  bow  front,  and  n corrugated  iron  bom -wall  are  shewn  in  Figs.  24a -24'o. 

It  may  bo  that  a real  plane  sheet  requires  very  close  toloranooa  on  viewing 
anglo,  to  be  seen,  so  that  tho  curved  surfaooa,  though  of  smallor  echoing  area, 
form  a larger  proportion  of  symmetrical  targets  soon.  Change  of  radar  sito 
will  sottlo  this  point.  One  anti -symmetrical  target  was  soon  and  located. 

Ono  associates  this  type  of  coho  with  a diplane  and  in  fact  the  building  had 
several. 

Transmission  Plano.  Ccmporisan  of  Parallel  and  Perpendicular:  This 

last  target  was  also  illuninatod  with  plane  polarisation  and  behaved  in  on 
exemplary  manner.  When  tho  polarisation  was  vortical  or  horizontal  the  echo 
was  predcminontly  parallel  to  the  radiated  polarisation.  When,  however,  tho 
radiated  polarisation  was  45°  loft  or  right,  the  echo  was  polarised 
prodominontly  porpondicular  to  the  radiated  polarisation.  This  is  according 
to  thooxy,  and  it  is  interesting  to  note  that  a vortioal  or  horizontal  diplano 
both  bohavo  identically  in  this  respect  and  oannot  bo  distinguished  by  any 
radar  unloss  tho  total  path  length  is  known  to  a fraction  of  s wavelength. 
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Transmission  Circular.  Comparison  of  V and  H:  A V-H  display  of 
permanent  eohoes  alao  gave  interesting  results.  The  overwhelming  proportion 
of  the  echoes  had  no  bias  towards  horizontal  or  vertical  so  that  so  far  as 
rural  terrain  is  concerned,  there  ia  no  preferred  polarisation  on  X band  to 
minimise  permanent  eohoes.  A small  number  of  echoes  stood  out  aB 
predominantly  vertical  and  are  shewn  in  Pigs.  25a  and  25b.  In  the  first  oaao 
the  V/i I ratio  was  no  less  than  26  db,  and  the  reasons  are  quite  clear  from 
inspection.  Electricity  pylons  and  church  spires  also  produoed  eohoes  which 
were  steadily  polarisod  with  a tendency  to  one  particular  plane,  though  usually 
not  more  than  several  decibels.  It  is  interesting  to  note  that  tho  lightning 
conductor,  which  is  presumably  the  chief  souroe  of  echo  in  Pig.  25a,  entirely  ■ 
masks  any  diplnne  tendency  there  may  be. 

Target  discrimination 

The  comparative  stability  of  the  polarisation  properties  of  echoes  from 
man-made  targets  offers  a prospect  of  separating  these  fran  rural  eohoes  under 
the  right  conditions.  Those  conditions  are  threefold,  and  the  first  is  that_ 
the  ground  wind  must  have  a force  greater  than  a certain  minlimsn  if  the  unwanted 
ochoes  are  to  be  properly  integrated  and  tend  to  zero.  For  X band  tho  minisnsn 
is  of  tho  order  of  3 lcnot3  in  summer  and  8 knots  in  winter.  For  highor 
frequencies  it  is  reasonable  to  expect  the  minimum  usable  wind  speed  to  be 
dooreased  and  vice  versa. 

The  second  condition  is  that  there  must  be  time  enough  to  integroto  tho 
unwanted  echo,  and  here  again  conditions  favour  tho  use  of  a high  frequency. 

In  general,  difficulty  will  be  experienced  with  a scanning  radar  on  this 
account,  unless  the  scanning  rate  is  kept  low.  The  fluctuation  time  will,  of 
course,  vary  with  wind  speed  and  appears  to  be  of  the  order  of  0.1  - 0.2 
seconds  for  this  minimum  usable  speed. 

The  third  condition  is  that  imposed  by  the  use  of  the  radar  in  a moving 
vehicle  or  aircraft.  The  reflection  lobes  of  any  complex  target  will 
undoubtedly  vary  with  polarisation,  so  that  echoes  vail  fluctuate  aa  the 
searching  radar  moves,  even  if  the  constituent  components  of  the  target  are 
stationary.  The  rate  at  which  the  radar  flies  through  the  lobes  is  likely  to 
be  considerably  slower  than  the  movement  of  the  lobes  fran  rural  areas, 
particularly  if  there  is  a large  component  of  the  aircraft  velocity  in  the 
direction  of  the  target;  and,  except  when  the  searching  radar  is  close  to  the 
target,  it  should  be  possible  to  choose  a time  constant  which  enhances  echoes 
from  built-up  areas  compared  with  those  from  rural  echoes.  The  position  is 
analogous  to  the  case  whore  an  aircraft  is  seen  from  a ground  radar.  The 
rate  of  echo  fluctuation  increases  by  an  order  or  more  when  the  aspect  is 
changing , canparod  with  the  rato  when  tho  aircraft  is  presenting  a nominally 
constant  nose  or  tail  aspect. 

One  might  expect  that  the  echo  from  a town  might  come  primarily  from 
3«face  comer  reflector  (two  walls  at  right  angles  and  tho  ground)  and  from 
di pianos  (one  wall  and  the  ground).  If  this  is  so,  there  might  be  some 
advantage  to  an  H2S  type  of  radar  to  transmit  45°  right  hand  plane  polarisation 
and  to  receive  45°  loft  hand  piano.  Such  a system  will  rcduoc  rural  ochoes  by 
about  10  db,  a figure  supported  by  practical  measurement  (Fig.  26)  but  eohoes 
from  vertical  or  horizontal  diplano s will  be  unaffected.  Tho  extent  to  which 
thoso  contribute  to  the  echoing  aroa  of  a town  can  only  bo  found  by  measurements 
from  a suitable  raised  site. 

6.4  Aircraft  Echoes 

These  are  tho  roost  difficult  targets  not  only  from  whioh  to  produce 
ropoatablo  results  but  to  produce  figures  at  all,  beoauso  tho  echoing  properties 
are  a very  critical  function  of  the  aspect  which  is  constantly  ohanging.  We 
have  confined  ourselves  to  measurements  of  a nominal  nose  and  tail  aspect  but, 
oven  undor  thoso  conditions,  the  results  may  vazy  considerably  from  second  to 
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seoond.  It  would,  of  oouras,  be  possible  to  photograph  the  various 
ocopcnenta  of  the  eoho  which  we  wish  to  compare  and  then  plot  out  pulse  by 
pulse  the  power  level  in  eaoh  channel.  Integration  gives  the  mean  power  in 
the  eoho.  Suoh  a prooess  would  be  extraordinarily  tedious  so  a shorter 
method  was  attempted.  The  eoho  was  photographed  for  periods  of  the  order 
of  seven  seconds  spaoed  arbitrarily  during  its  run.  For  each  frame  (about 
30  pulses)  a note  was  taken  of  whether  A was  greater  than,  equal  to  or  less 
than  B.  It  was  then  intended  to  repeat  the  runs  with  differential  gain 
settings  until  approximate  equality  "between  A and  B was  achieved. 

In  practice  this  was  not  very  satisfactory  owing  to  the  large 
variations  in  results  not  only  between  runs,  but  at  different  times  during 
the  run.  Therefore  a slightly  different  approach  was  adopted.  A number  of 
permanent  eohoes  wore  photographed  with  a suooossion  of  different  differential 
gain  settings.  The  relative  number  of  A>  B,  A = B and  B>A  frames  was 
noted  and  plottod  as  a f motion  of  the  gain  difforenoe.  All  the  curves  were 
of  tho  same  general  shape,  difforing  only  in  the  position  of  the  crossovor 
point..  A sample  curve  is  plotted  in  Fig.  27a,  and  this  was  used  to  give  an 
estimate  of  the  relationship  between  differential  signal  power  and  the 
proportion  of  exoess  or  deficit  A to  B signals.  The  curve  does  not  agree 
with  the  theoretical  curve  (Fig.  27b)  derived  from  tho  scalar  difference 
between  two  signals  of  varying  differential  power,  each  having  a Rayleigh 
distribution  of  amplitues;  but  departs  from  it  by  a factor  of  about  two  in 
the  docibel  scale . 

Analysis  does  not  reveal  any  obvious  reason  for  this  factor  of  two  but 
a possible  explanation  lios  in  the  stability  of  the  signals  boing  compared. 

If  the  two  signals  wore  constant  in  amplitude,  the  curve  produced  would  bo  a 
step  function  (Fig.  27c).  Actual  targets  arc  likely  to  lie  somewhere  between 
the  limits  of  Fig.  27b  and  27o,  and  aircraft,  v/hioh  presunably  have  a smaller 
number  of  echoing  points,  might  on  this  reasoning  lie  between  27a  and  27b, 
i.e.,  the  curvo  27a  gives  a pessimistic  impression  of  tho  amplitude 
fluctuations  in  relation  to  the  actual  observations  recorded.  Such  errors  as 
there  are  will  bo  greater  for  large  power  differences  and  will  tend  to  zero 
when  the  powers  in  the  two  signals  tend  to  equality. 

With  this  tentative  hypothesis  in  mind,  it  is  possible  to  draw  sons 
conclusions  from  the  preliminary  results  shewn  in  Figs.  28  (a-d).  All 
aircraft  runs  were  nominally  for  nose  or  tail  aspect,  but  the  tolerance  on 
bearing  at  any  one  time  was  probably  not  closer  than  _+  5°  and  may  have  been 
rather  more  during  some  of  the  nose  runs  during  conditions  of  bad  visibility. 
When  the  results  have  been  integrated  they  are  found  to  be  clustered  olosely 
about  the  0 db  mark  (Fig.  29)  with  no  very  great  difference  between  tho  mean 
level  of  tho  A and  B signals.  Tho  total  spread  is  of  the  order  of  + 2 db, 
which. .corresponds  to  a rain-free  signal  level  between  1-g-  and  3?  db  below  that 
obtained  from  a practical  piano  polarised  radar  of  similar  design  parameters. 

The  shorter  term  fluctiatcns  are,  of  course,  more  extensive,  and  our 
figures  shew  tho  result  of  integration  over  periods  of  tho  order  of  seven 
seconds.  The  extreme  ratios  of  A to  B obtained  were  -7  db  and  +10  db,  whioh 
correspond  to  a rain  free  signal  of  -7w  db  and  -5  db  respectively  ccm pared 
with  a plane  polarised  radar.  The  likely  extremes  are  probably  well  within 
those  limits  because  the  method  of  assessment  gives  undue  prominonoe  to  steady 
and  extreme  values. 

Still  shortor  term  fluctuations  (e.g.,  pulse  to  pulse)  have  not  yet  been 
studied  with  this  equipment.  Exposure  at  64  frames  per  seoond,  and  reduction 
of  repetition  rate,  yields  frames  each  the  integral  of  fivo  pulses.  With 
small  jot  aircraft,  whioh  have  an  amplitude  fluctuatiai  rate  slower  than  that 
of  piston  engined  aircraft,  there  is  little  evidence  of  rapid  pulse  to  pulse 
fluctuations  in  tho  A to  B ratio,  unless  the  aircraft  aspoot  is  changing 
rapidly. 
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In  the  measurements  so  far  made  of  the  ratio  of  vortical  to  horizontal 
echoing  area  (whan  illuninated  with  a C.P.W. ),  again  integrated  over  periods 
of  aeven  seconds,  the  fluctuation  amplitude  is  appreciably  less  than  that  of 
ths  A to  B ratio.  For  auoh  periods,  the  V to  H ratio  seldom  exoeeds  the 
Units  of  + 2 db  and  for  the  integrated  run,  the  difference  between  V and  H 
echoing  area  does  not  oxoood  1 db  for  tho  aircraft  so  for  measured. 

This  information  gives  some  food  for  thought  on  tho  mechanism  of 
aircraft  roflootions  and  it  is  clear  that  our  original  conception  of  on 
aircraft  as  a randomly  orientated  oollooticn  of  dipoles®  must  be  abandoned. 
While  it  is  true  that  such  a target  could  momentarily  produoc  signals  trtiioh 
are  predominantly  anti -symmetrical,  it  is  aoorooly  ecnooivablo  that  the 
air  or  oft  oould  maintain  its  orientation  for  fifteon  saoondsor  so,  to  such  on 
oxtont  that  the  vertical-horizontal  phase  displacement  in  tho  oanplex  eoho 
does  not  shift  by  more  than  + 90°  (l.5  an). 

Wo  must  also  regard  with  suspooion  the  thoory  that  tho  aircraft  may  be 
regarded  as  a number  of  discrote  bounce  points  normal  to  the  inoidont 
radiation.  The  nature  of  any  suoh  point  must  bo  essentially  symmetrical  and 
tho  addition  of  any  number  of  similar  points,  though  producing  fluctuations  of 
amplitude,  cannot  alt  or  the  ganeral  nature  of  the  polarisation.  The  dominance 
of  Channol  B,  whioh  one  would  oxpect  from  this  theory,  is  in  no  way  supported 
by  tho  facts. 

The  substitution  of  a thoory  which  fits  in  with  the  observations  is,  of 
ogtfrac.  more  difficult  and  at  this  stage  suggestions  must  bo  regarded  as 
tentative.  One  possibility  is  that  diplanes  do,  in  fact,  make  a significant 
contribution  to  the  echoing  area  of  tho  aircraft . They  would  be  broadly 
directional  and  from  certain  aspects  thoy  might  well  produce  largor  signals 
than  those  coming  from  the  "synrnotrieal"  parts  of  tho  aircraft,  though 
producing  an  amplitude  interference  pattern  among  thomsolvos.  Such  dipl*ju>s 
might  exist  between  the  wings  and  the  fuselage,  the  wings  and  the  engine 
nacelles,  and  among  tho  various  protuberances  around  seno  older  aircraft 
engines.  It  is  not  so  clear  wbero  they  could  occur  when  viewing  from  tho 
tail  aspect,  since  the  trailing  edges  of  the  wings,  tail  plane  and  rudder 
usually  have  sharp  edges.  There  is  not  yet  enough  statistical  booking  to 
say  that  the  slightly  reduced  tendency  to  anti -symmetry  in  the  tail  aspect 
supports  this  suggestion. 

It  is  interesting  to  note  that  the  apparently  coarser  scattering  diagram 
for  the  ayraaotrical  and  anti -symmetrical  oempemonta  of  the  eoho  compared  with 
tbo  vortical  and  horizontal  components  is  consistent  with  tho  above  hypothesis. 
With  the  type  of  radar  deacribod,  tho  A and  B signals  are  soparate  and  cannot 
interfere  with  each  other,  whereas  tho  vortical  (say)  o on  pen  ants  of  both 
symmetrical  and  anti-symotrioal  parts  of  the  target  can  so  interfere. 

k different  treatment  is  to  regard  ports  of  tho  target  auoh  as  tho  wings 
oa  coherent  electrical  structures  whioh  hove  a senttoring  diagram  consistent 
with  a particular  induced  voltogc  and  phase  distribution.  It  has  been 
suggested  by  J.D.  Clare*,  that  if  tbo  radii  of  curvature  over  tho  surfaoos  are 
largor  eon  pa  rod  with  the  v/nvolangth,  the  scattering  diagrams  for  vertical  and 
horizontal  polarisation  will  not  be  very  different,  and  tho  lobo  width  will  be 
slightly  different  for  the  two  polarisations.  If  thoro  is  a range  of  aspect 
angles  over  which  the  v/idth  of  tho  reflection  lobes  is  oohatant  for  oaoh 
polarisation,  there  will  be  angles  covering  soveral  lobes  where  tbo  V and  H 
lobes  are  in  phnso,  and  then  of  tor  n gradual  oroop  in  phnao,  angles  oovoring 
soveral  lobes  where  tho  V and  H lobes  are  out  of  phase.  Whan  using  circular 
polarisation,  this  oorresponds  to  aspeot  angles  of  syrawtry  and  anti-  symmetry 
rospootivoly. 


* Rsdar  Rose sr oh  and  Development  Establishment. 
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Tho  oxporiinontal  ovidonoo  so  far  obtninod  is  lnadoq.ur.to  to  difforontinto 
botwccn  thoso  two  thoorics,  and  further  work  v/ill  havo  to  bo  deno.  Ono 
possibility  is  to  add  to  tho  offcotlvo  diplnne  content  of  an  aircraft,  by, 
for  example,  putting  down  air  brakes,  whore  thoso  aro  of  suitable  shape. 

.Another  possibility  is  to  use  polarised  light  to  examine  the  naturo  of 
reflections  from  various  aircraft  surfaces,  and  a laboratory  examination  of 
a pointed  diplonc  illuminatod  by  45°  polarisod  light  has  confirmed  tho 
possibility  of  this  method.  It  is  hoped  that  both  typos  of  investigation 
will  be  carried  out  in  tho  near  futuro . 

7 . CONCLUSIONS  AND  ISCOMffiNIiAriOKS 

7.1  A radar  of  this  sort  is  a useful  tool  in  tho  analysis  of  tho 
polarisation  properties  of  radar  echoes  of  all  sorts.  Where  there  is  reason 
to  supposo  that  the  polarisation  proportios  of  tho  targets  differs  markedly 
with  frequency,  thoro  seems  justification  for  building  a similar  equipment  to 
work  at  other  frequencies. 

7.2  The  potential  cancellation  of  precipitation  echoes  is  considerably 
in  oxcoss  of  the  limits  imposed  by  the  precipitation  itself.  This  is 
achioved  without  necessitating  close  dosign  tolerances  or  a high  degreo  of 
circularity  in  the  transmitted  wave.  The  usual  limits  are  17  db  in  tho 
"Bright  Band"  and  25  to  30  db  with  rain  drops . Tho  maximum  range  of  tho 
radar  is  unimpaired  when  there  is  no  rain.  Extrapolating  to  S band,  thoro 
maybe  some  slight  improvement  in  these  figures. 

7.3  When  it  is  essential  to  uso  a piano  polarisod  radar  and  vrt»n 
interference  from  Window  jamming  i3  a dominant  factor  in  choosing  tho 
polarisation,  vertical  polarisation  should  be  used.  Where  there  is  time  to 
integrate  the  signals  received,  there  is  the  possibility  that  echoes  fran 
Window  jamming  can  bo  reduced  relative  to  aircraft  cchoos.  Intensity 
modulation  of  the  display  tube  with  V-H  signals,  will  roduco  window  echoes 
relative  to  aircraft  echoes. 

7.4  When  used  on  the  ground,  a radar  of  this  sort  offers  hopes  of 
emphasizing  echoes  from  man-made  stationary  structures  relative  to  echoes 
from  rural  terrain  (e.g.,  trees,  shrubs,  etc.).  The  possibility  of  doing 
this  from  the  air  is  not  ruled  out. 

7.5  Over  a sufficiently  large  number  of  runs,  there  is  little  difference 
between  the  symmetrical  and  anti -symmetrical  components  of  the  echoes  from  a 
number  of  aircraft,  when  viewed  from  near-nose  or  near-tail  aspect.  This 
implies  a "rain  free"  signal  of  level  about  db  below  that  of  a plane 
polarised  radar.  Over  periods  up  to  seven  seconds  the  difference  has  been 
found  to  vary  between  -7  and  +10  db.  This  implies  a rain-free  signal  level 
varying  vetwoen  7'ir  and  i db  respectively  below  that  of  a piano  polarisod  radar. 
These  are  extreme  figures  and  it  is  possible  that  they  exaggerate  the 
discrepancy.  Both  tho  short  term  and  long  term  difference  betweon  tho  vertical 
and  horizontal  echoing  area  of  aircraft  so  far  testod  are  less  than  tho 

corre s ponding  difference  between  symmetrical  and  anti -symme trical  components. 

7.6  The  treatment  of  an  aircraft  either  as  a randomly  orientatod 
collection  of  di polos,  or  as  a scries  of  bounce  points  normal  to  the  incident 
radiation,  is  unsound.  There  is  not  yet  sufficient  evidence  to  substitute 
another  theory. 

7.7  The  equipment  should  bo  made  transportable  so  that  an  analysis  can 
be  mado  of  oohoos  from  built  up  areas  as  seen  fran  high  ground,  and  also  of 
soa  and  marine  cchoos. 

7.8  Consideration  should  be  given  to  tho  possiblo  identification  of 
aircraft  from  thoir  polarisation  characteristics.  This  would  probably  have 
to  be  dono  at  a lower  frequency  than  X band  and  might  tako  the  form  of  the 
rotation  of  the  plane  of  polarisation  of  tho  transmitted  wave  in  synchronism 
with  a suitable  cathode  ray  tubo  display. 
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7.9  Measurements  should  be  made  na  soon  as  possible  on  the  nev»Bt 
typos  of  aircraft.  Their  echoing  properties,  including  area,  may  well  be 
different  from  those  aircraft  in  current  service. 
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Pig.  15  Photograph  of  Display  Unit 
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Pig.  19  Received  Wave.  V.E.R.  of  soccndary  pattern  as  function  of 

position  in  beam. 

Pig.  20  V.S.W.R.  of  overall  waveguide  system. 

Pig-  21  Photograph  of  assorted  waveguide  components. 

Pig.  22  (a)  Rain  Echoes.  Transmitting  Circular.  Comparing  A and  B. 

I Widespread  gentle  Rain. 

1 (b)  Rain  Echoes.  Transmitting  Circular.  Cctaparirg  A and  B. 

: Heavy  Showers. 

(c)  Rain  Echoes.  Transmitting  Plano.  Comparing  Parallel  and 

| Perpendicular. 

(d)  Rain  Echoes.  Transmitting  Circular.  Comparing  V and  H. 

Pig.  23  (a)  Window  Janming  gains  equal. 

(b)  N n over  compensated. 

(c)  ” " balanced. 

Pig.  24  (a)  Symaetrical  Target. 

(b)  Syuuietrical  Target. 

Pig.  25  (a)  Vertical  Tnrgot. 

(b)  Target.  V>H.  B > A. 

Pig.  26  Poimanent  Echoes..  Transmitting  Plano  and  comparing  Parallel  and 
Porpendioular. 
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Pig.  27  (q)  Permanent  Echo.  Plot  of  Promo  nunbora  against  differential  gain, 
lb)  Video  subtraction  of  two  Royloigh  distributions. 

(c)  Stop  function  obtainod  from  differonoo  between  two  a toady  signals. 

Pig.  28  (a)  Samplo  results  from  Lincoln  aircraft. 

(t;  " " " Mosquito  " 

to)  " " " Meteor  " 

(d;  " " " Canberra  " 

Pig.  29  Integrated  A:B  ratio  for  various  aircraft. 

Pig.  30  Window  Jamming.  Measurements  on  tr/o  typo3  of  identical  nominal 

dimensions  but  different  methods  of  construction. 
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.OCK  SCHEMATIC  DRAWING  OF  ECHO 
POLARISATION  ANALYSIS  RADAR. 
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